CUPULAR DEVAND AML-J 1S NOW VONT=

JOUGLAL

The World's Leadmg XML Resource

Volume: 1 Issue:5

December 3—5 U DevCon

FROM THE EDITOR P AHENT

Reincarnation of Technologies P = .
by Israel Hilerio pg. 5 -
- ! ‘e..: .
XML IN TRANSIT g I-uPES - '

SOAP Part 2
by Simeon Simeonov pg. 14

BUILDING JAVA BUSINESS OBJECTS Control Appllances Using

Using Database WML & Java Servlets
MetaData and XSL

by Brian D. Eubanks pg. 24

PRODUCT REVIEW A Quick Guide to WML

FileMaker Developer 5
by FileMaker Inc.

Siet-Leng Lai

conrol netuor)

Mahesh Chulet

Reviewed by Jim Milbery pg. 52

An Approach to Efficient Sameer Bt
SISCONRADIO Information Transfer gf
Interview with Sandra Clark = | 3
of Insight Technologies =
Interviewed by Ajit Sagar pg. 62 ] ]
VL NEWS Flexible XML Web Design: James A. Brannan
T XML Data Islands
RETAILERS PLEASE DISPLAY /
64,9905 $6. 99CAN : =
| ' High Performance Ken Blackel

XML Parsing in C++

Rick Parfitt

SYS-CON
(\V4| =1 D] VAN

y




SoftQuad Software

www.softquad.com/
products/xdmetal/eval/




Progess
WWw.sonicmg.com/ad1Llhtm



lcon Information
Systems
WWW.XMmISpy.com




www. XML-JOURNAL.com |

from
the
editor

ISRAEL HILERIO ]

ReincarnationafTechnologies

his month I’'m sitting in Ajit Sagar’s seat while he takes care of family matters associated
with the recent death of his father.

As | sat at home thinking about various ways to welcome you to this new edition of XML-
Journal, | thought there might be a parallel between the loss of a loved one and the death of
technologies. Rather than concentrating on the loss, however, | believe it’s better to concen-
trate on the reincarnation of technology. My friend Ajit believes the soul lives on and returns
to the world in different forms, and it occurred to me that technologies like XML evolve from
legacy technologies following the same process of reincarnation. Let’s take a moment to reflect
on the technological predecessors of XML and its evolution.

SGML (Standard Generalized Markup Language) was one of the technologies that gave
birth to XML. The Department of Defense, in their Interactive Electronic Technical Manuals
(IETM), adopted SGML as their markup language for such manuals. XML is a subset of SGML;
thus all XML documents conform to SGML documents. The idea of markup is to encode a
description of a document storage layout and logical structure. One of the ideas behind stor-
age units and logical structure is its ability to capture semantic information. The tag name and
its place in the structure identify the description of value contained inside the tag.

In a similar fashion hypertext and later HTML provided a presentation environment for
viewing electronic information with textual associations called links. A lot of confusion has
been generated around XML as a replacement for HTML. While this replacement has taken
place in HTML 4.0 or XHTML, we need to remember that HTML concentrates on presenting
data while XML concentrates on describing it. That’s why XML is ideal for business-to-business
communication exchanges. Since XML is text based, it can be used as a transparent data
abstraction layer that makes heterogeneous Internet-based computing possible.

XML was also presented as an alternative technology for EDI (Electronic Data Interchange).
XML is capable of representing the hierarchical relationships stored inside EDI while at the
same time providing a flexible framework for customizing information. EDI implementation
proved to be stringent and inflexible as opposed to XML deployment.

The concepts presented by legacy technologies evolve and are reborn in new, fresher tech-
nologies. Older technologies need to be used as stepping-stones to validate newer technolo-
gies and provide a cohesive baseline for solving even more complex problems. Many of these
problems are based on old requirements that need to be supported by new platforms. In sim-
ilar fashion we can look at new platforms to provide interesting new solutions and to address
problems that can’t be answered today.

As we look into the future, what are some of the areas in which platforms such as XML can
be leveraged and extended to solve new problems? One of them is wireless devices; another is
B2B integration and B2B process control flows. These new areas are generating much enthusi-
asm and will be directly affected by technologies like XML schemas for data validation, XSLT
for XML data conversion, XPointer for providing links between XML documents, XPath for
addressing or selecting specific portions of an XML document, RDF for providing document
content description and BizTalk for providing a specification for process flow management.

One of the technologies in the wireless device area that takes advantage of many of these
technologies is Wireless Application Protocol. WAP requires the use of XML schemas: XSLT for
output generation to the small screens and JSP (JavaServlet Pages), Xpointer and Xpath to
retrieve information stored on regular Web servers and display it on small screens.

These are just some of the technologies that will reshape the future as constantly evolving
processing and network devices become part of the mainstream of society.

So where did the parallel between life and technology go? What about Ajit’s beliefs that the
spirit lives on? The way | see it, technology as well as life has its births and its deaths; however,
for those of us who have seen many technologies come and go, we know it’s the concept or
spirit that continues to make its presence known in everyday life. Similarly, it's my personal
belief that the spirit of Ajit’s father lives in Ajit and his young son. Therefore, though he will be
missed, he will always be with us. Similarly, all of us geeks will continue to see the XML plat-
form grow to become the complete B2B platform that, together with Java, will rule the e-com-

-~
merce space. r‘Q

Israel Hilerio is a member of a leading e-commerce firm in Dallas, Texas, focusing on Weh-based e-commerce applications and new architectures.
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he Internet has become part of our daily lifestyle. With the con-
vergence of communication and computers, and proliferation in the use
of the Internet and mobile gadgets, information is readily available in
many different forms, such as data, voice, video or even control devices.
The control of appliances anywhere, anytime, is no longer the stuff of sci-
ence fiction. Today the Internet connects not only computing resources
and people, but also appliances such as air-conditioning and lighting.
The convergence of data and control networks enables corporations and
individuals to access all forms of information readily and globally using
the Internet connection. With the pervasive use of mobile phones and the
introduction of WAP (Wireless Application Protocol) technology, you can
easily reach devices such as home appliances via a wireless network and
the Internet.

In this article I'll explain how WML (Wireless Markup Language) and
Java are used to control or access remote appliances such as lighting, air-
conditioning, overhead projectors and card readers using WAP-based
gadgets such as mobile phones. This is especially promising in the area
of intelligent building. The discussion will be based on the prototype that
was built to demonstrate the potential and feasibility of controlling Ech-
elon’s LonWorks network of devices. LonWorks platform is the de facto
standard, an open universal standard for control networks. It has been
adopted by thousands of organizations internationally and has been well
received by many different industries.

LonWorks Control Network and Appliances

LonWorks network is a leading, open, networked automation and
control solution for the building, industrial, transportation and home
markets. There are many applications in these areas, such as intelligent
building, asset tracking and facility management, and millions of Lon-
Works devices have been installed worldwide. In a LonWorks network
each control device, which has embedded intelligence, talks to the others
using the common LonTalk protocol. This is an open and international
standard and the core of LonWorks networks. It is embedded in the form
of a neuron chip that implements the protocol and the respective control
operations. As shown in Figure 1, the data and control network are seam-
lessly merged, via a connector gateway such as Coactive’s Connector 1000
or Echelon’s i.Lon, and talk to the data network using TCP/IP and to the
LonWork network of appliances using LonTalk protocol. In fact, you can
effectively treat appliances such as lamps, air-conditioning and door
access devices as part of the IP networks, and you can develop control
applications such as home, building, transportation or utility automation
to communicate with the intelligent appliances via the gateway.

6 1is51e5 I www XML-JOURNAL.com
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Local Area Network
(IP network)

TCP/IP

gateway

LonWorks protocol
(LonTalk)

LonWorks
Network
(control network)

Other LonWorks
appliances

FIGURE 1  Intelligent appliances and the control network

WAP, WML and Appliances

WAP is a protocol for the transmission of data over low-bandwidth wire-
less networks. With WAP you can bring Internet content and services to the
world of mobile and wireless devices, especially mobile phones, which have
become indispensable tools and the preferred method of communication
as a result of their rapid penetration into all age and professional groups.

WML, part of the application environment of WAP, is a markup lan-
guage based on XML. It's intended for use in depicting the content and user
interface for WAP-based gadgets such as WAP phones. The basic structure
of WML is the card, and a number of cards are grouped into decks, which
are the root elements of WML documents. A valid WML deck is a valid XML
document and thus it comprises XML declaration and DTD (Document
Type Definition). The official WML specification is developed and main-
tained by the WAP Forum, an industry-wide consortium founded by Nokia,
Ericsson, Unwired Planet and Motorola. This specification defines the syn-
tax, variables and elements used in a valid WML file whose structure is
defined in the WML 1.1 DTD. A WAP-enabled device such as a WAP phone
incorporates a microbrowser that can fully interpret and understand the
WML specification and can display the results in its display unit.

In this article we’ll look at a scenario in which you have a control net-
work of intelligent appliances such as lighting and air-conditioning in
your office or at home. You, as a WAP phone user, would like to con-
trol/monitor the appliances when you're on the move. For instance, you
may want to switch on the air-conditioning before you reach home,
monitor the status of the devices in your office or switch off the light at
home when you realize that you've forgotten to do so. In other words,
you can access the status of the appliances and can carry out different
control actions accordingly. This scenario can be further extended via
some form of security control — such as a proximity card reader that is
part of the control network — that would alert you whenever someone
tries to access your home or office. Further authentication or subse-
guent action can be carried out if necessary.
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Java
Servlets

HTTP
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Y I le— Network Home appliances

e.g., light, air-conditioning

FIGURE 2  Qverall architecture of the WAP control application

Figure 2 shows the overall architecture of the WAP-based control
application for a network of LonWorks appliances. In developing the
prototype, the Java 2 platform was chosen because it’s flexible, portable
and architecturally neutral. A Java Servlet (JSDK2.1) was developed to
provide a server-side solution to communicate with the Coactive con-
nector gateway and the HTTP server (the servlet runner at port 8080 is
used in the example). As shown in Figure 2, the servlet communicates
with the HTTP server in terms of URL requests and responses in WML
codes. On the other side it liaises with the Coactive connector gateway in
manipulating the LonWorks appliances.

In developing the prototype, | used the Coactive connector 1000 as a
gateway device between the IP and the control network. It provides a set
of connector CORBA access software in Java that allows you to have con-
trol over the configuration and programming of connector objects in
order to talk to the LonWorks network of appliances. You may use any
WAP-enabled mobile phone - for example, an Ericsson R320 or a Nokia
7110-to contact the Java Servlet sitting on your Web server via a WAP gate-
way as an encoder/decoder. The WAP gateway serves as a middleman
between the WAP client — a WAP phone in this case — and the HTTP server
that houses the Java Servlet. It encodes and decodes data transferred to
and from the WAP phone, resolves the host address specified by the URL
and creates an HT TP session to the host. I've been using the operator-con-
trolled WAP gateway during the development of the control application.
As shown in Figure 2, two layers of

control application to be displayed on the WAP client are extracted and
highlighted in Listing 3.

Figure 4 provides a detailed four-phase explanation of the execution
of the WAP control application.
Phase 1: With reference to the welcome page shown in Figure 3 and List-
ing 1, it contains the necessary XML declaration and document type
declaration as shown below :

<?xnl version="1.0"?>
<! DOCTYPE wni PUBLIC "-//WAPFORUM / DTD WML 1. 1//EN'
"http:// ww. wapforum org/ DTD/wn _1. 1. xm ">

<w >
</wm >
»] HTTP server
ooo| Users http://1sla:8080 Java Servlet
poof ——
Do)
Welcome page gy invoke - initialize
(listing 1) request/ http - set up connector
WAP request request object
Select device . - retrieve status >
@ control option (getValue)
< - process the d——
Display the Content type retrieved status !
control page ~ —| = _ P - display in WML g
o ) =text/vnd.wap.wml 2 o
(listing 2) H format % &
----------- -l | R T - ---d &
http o - retrieve user s =
User select request/ | = http input 2 £
the devlce_and WAP request - Set ON!OFF 8
the operation > operation on
— the appliances “—>r
@ (setValue)
Display <+ 4—— -send back
the outcome ¢ Content type the result in WML
=text/vnd.wap.wml

FIGURE 4 Interaction of WAP device, HTTP server, Java Serviet

From the menu shown, you select the device control option. The
respective  URL request (http://apricot.ccs.np.edu.sg:8080/servlet
/iControl?flag=start) is then sent to the operator-controlled WAP gateway
using WSP (Wireless Session Protocol). After encoding and decoding, the
WAP gateway sends the URL request to the Web server using HTTP pro-
tocol. To run the servlet, the servlet

translation, from the LonWorks
control network (LonTalk protocol)
to the data network (TCP/IP) and
from HTTP protocol to WAP proto-
col —are in place from the WAP user
to the appliances.

Figure 3 shows the welcome
page on the WAP phone; the corre-
sponding WML code is shown in
Listing 1. In this article we'll focus
solely on controlling the appli-
ances. Listing 2 shows the essen-
tial specification of the servlet
class. Some of the detailed meth-
ods to interface with the connec-
tor gateway are encapsulated to
avoid confusion. For instance,
individual methods handle func-
tionality like initialization of the
ORB for the connector gateway,
retrieval of the object reference for
the connector objects, and setting
and retrieving of the device status.
To clarify the subsequent discus-

runner together with the JSDK2.1
is used as the HTTP gateway at
port 8080. On receiving the URL
request, the respective Java Servlet
— the iControl - is invoked. It will
then call the start() method, which
includes the initialization process,
and set up the connector object to
the appliances using software API
via the Coactive connector gate-
way (refer to Listing 2). The preas-
signed ID of each device is used to
retrieve the respective device sta-
tus using the getValue() method,
which contains the necessary
invocation to CORBA access soft-
ware to interact with the connec-
tor gateway.

enid
P OFF
L=l e e
Lightt: OFF 0K

R OFF (i

Phase 2: First, the MIME type of the
output information must be set.

/I set the content type to
text/vnd. wap. wr

sion, the WML codes (dynamically
generated by the servlet) of the

Ex 1 is506e5

FIGURE 3 Welcome page for the WAP control

response. set Cont ent -

FIGURE 5  Control appliances using WAP phone Type( "t ext/ vnd. wap. wi ") :
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After setting the content type, you can output the declaration and the
respective WML statements.

/1 output the declaration and docunent type definition

out = response.getWiter();

out.println("<?xm version=\"1.0\"?>");

out.println("<!'DOCTYPE wrd PUBLIC \"-//WAPFORUM / DTD WML
1LUJTEN"");

out.println("
\"http:// ww. wapforum org/DTDf wm _1. 1. xmi \">");

out. println("<wrd>");

out.printin("<card id=\"iControl\" newcontext=\"true\"
title=\"iControl\">");

Upon receiving individual device status from phase 1, the informa-
tion is processed (refer to Listing 3) and presented in WML format :

<p>
Light : OFF
<anchor >ON
<go href="http://apricot.ccs.np.edu.sg: 8080/ servlet/iControl"
met hod="post " >
<postfield name="flag" val ue="next"/>
<postfield name="prevPc" val ue="COFF"/>
<postfield name="prevAircond" val ue="OFF"/>
<postfield name="prevLight" val ue="OFF"/>
<postfield name="prevChp" val ue="COFF"/>
<postfield name="light" val ue="ON'/>

</ go>
</ anchor >
</ p>

The <anchor> element is used to provide the link to toggle the status
(ON/OFF) of the selected appliance (e.g., switch on the light). In this
prototype the POST method is used and user data is sent using <post-
field> tag. The HTTP server will forward the generated WML page to the
WAP gateway. The gateway, after encoding and decoding, will send the
WML page to the mobile client as shown in Figure 5.

Phase 3: You may select the respective device and the operation (such as
ON/OFF) and forward the URL request (POST method is used in this
example) to the WAP gateway which will then forward it to the HTTP
server by contacting the servlet, iControl. Upon receiving the request,
the respective parameters are extracted as follows :

pc = request. get Paraneter("pc");

aircond = request.getParanmeter("aircond");
ohp = request. get Paranet er ("ohp");

Iight = request.getParaneter("light");

prevPc = request.getParaneter("prevPc");
prevAircond = request.get Paraneter ("prevAircond");
prevChp = request. get Paranmeter ("prevChp");

prevLi ght = request.getParaneter("prevLight");

Devices are set - ON/OFF - using the setValue() method via the con-
nector gateway:

if (light '=null) {
if (light.equals("ON"))

set Val ue(light_value, ON value);
el se

I www XML-JOURNAL com



set Val ue(light_val ue, OFF_val ue)

Phase 4: At the end of the operation, the up-to-date WML page is sent
back to you via the WAP gateway and is displayed on your WAP phone as
shown in Figure 5.

Phases 3 and 4 could be repeated for different operations on different
appliances - lighting, air-conditioning, overhead projector.

This article has detailed a prototype WAP-based control application
device using WML and Java servlets. Though still in its infancy, and with
room for improvement, | have demonstrated the potential and feasibil-
ity of using gadgets such as mobile phones to control a network of
remote appliances. WAP technology opens up many interesting oppor-
tunities for different industry sectors in terms of innovative and useful
application domains. One possible application area is intelligent build-
ing that integrates telecommunications, information networks and
building/home automation to provide convenient and easy access to
control information. This makes it possible to control/access intelligent
appliances via mobile gadgets anywhere, anytime. ;:g

1. Wireless Application Protocol Architecture Specification, WAP Forum:
www.wapforum.org/

2. Wireless Markup Language Specification, WAP Forum: www.wapfo-
rum.org/

3. Echelon LonWorks Networks: www.lonworks.echelon.com/

4. Coactive Connector 1000, Coactive Networks Inc.: www.coactive.com/

5. Nokia: www.nokia.com/

6. Ericsson: www.ericsson.com/

7

8

9

. Unwired Planet: www.phone.com/
. Motorola: www.motorola.com/
. Java 2 Platform, JavaSoft: www.javasoft.com/

Siet-Leng Lai has published and presented at several international conferences, and is now conducting
research into XML, WML and WAP. Since 1990 she has been a lecturer at the Center for Computer
Studies, Ngee Ann Polytechnic, Singapore, on subjects ranging from operating systems, system
programming, networking, Internet computing, and parallel and distributed computer systems to
intelligent building. Lai has also conducted short courses for the public on the above-mentioned topics.
She holds degrees from the National University of Singpore.

<?xm version="1.0"?>
<! DOCTYPE wm PUBLIC "-//WAPFORUM / DTD WWL 1.1//EN'

"http://ww. wapforumorg/DTD/wr _1. 1. xnl ">

<wni >
<card id="Welconme" title="Intelligent Services">

<p>

<b>What service ?<br/></b>

<a href="http://apricot.ccs.np.edu.sg: 8080/ servlet/i Con-
trol ?flag=start">Control Devices
</ a><br/>
<a href="http://apricot.ccs.np.edu. sg: 8080/ servl et/
i Status">Device status </a><br/>
<a  href="http://apricot.ccs.np.edu.sg: 8080/
servl et/ Booki ng">Facil ity Booki ng</a><br/>
</ p>
</ card>

</ wm >

import java.io.*;
import |ava.text.*;
inport java.util.*;
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inport javax.servlet.*;
import javax.servlet.http.*

import java.lang.*

/1l to be used for Coactive control access software
i nport org. ong. CORBA. TCKi n

public class iControl extends HttpServliet {

PrintWiter out;
String pc, aircond, ohp, light;

/* values defined for LonWrks devices */
static int pc_val ue=44;
static int aircond_val ue=45;
static int |ight_val ue=51;
static int ohp_val ue=52;

static String ON value = "1";
static String OFF_value = "0";

static String ior = null;
static String ip = null;
org.ong. CORBA.ORB orb = null;

public void doGet(HttpServl et Request request,
Ht t pSer vl et Response response)
throws | CException, ServletException

String flag;

String prevCardreader, prevPc,
prevAircond, prevChp, prevLight;

flag = request.getParaneter("flag");

/1 set the content type for WWL

response. set Cont ent Type( "t ext/vnd. wap. wn ") ;

/1 output WWL header
out = response. getWiter();
out. println("<?xm version=\"1, 0\ ")

out.println("<!DOCTYPE wni PUBLIC \"-//WAPFORUM / DTD

WL 1.1/ /EN"");
out.println("\"http://wmw. wapforum org/ DTD/
wrl 1.1 xmi\ ">ty
out. print
out. print

In(" <wimi > ;
|
newcont ext

n(
n('<card id=\"iControl\"
=\"true\" title=\"iControl\">");

/1 if this is the first tine, retrieve the status of the

appliances i.e. PC, Air-Cond, Light and OHP
if (flag.equals("start")) {
start();
} else {

pc = request get Paraneter ("pc");

aircond = request.getParaneter("aircond");

ohp = request. get Paraneter("ohp");
light = request.getParaneter("light");

prevPc = request.get Paraneter("prevPc");

prevAircond = request.get Parameter("prevAircond");
prevOhp = request. get Parameter (" prevhp");
prevLi ght = request. getParameter ("prevLi ght");

/1 ON OFF operation for the respective appliances
if (pc !'=null) {

if (pc.equals("ON'))

set Val ue(pc_val ue, ON_val ue);
el se

set Val ue(pc_val ue, OFF_val ue);

} else
pc = prevPc;

if (aircond !'= null) {
i1 f (aircond. equal s("ON'))
set Val ue(aircond_val ue, ON val ue);
el se
set Val ue(ai rcond_val ue, OFF_val ue);
} else
aircond = prevAircond,;

if (light '= null) {

if (light.equals("ON
set Val ue(light_val ue, ON val ue);

se
set Val ue(light_val ue, OFF_val ue);
} else
light = prevLight;
if (ohp !'= null) {
if (ohp.equal s("ON'"))
set Val ue(ohp_val ue, ON val ue);

el se
set Val ue(ohp_val ue, OFF_val ue);

} else
ohp = prevChp;
} /1 next

StringBuffer ref_str = new StringBuffer();

ref _str.append("<go href=\"http://apricot.ccs. np.edu.
sg: 8080/ servlet/iControl \"/> method=\"post\"> \n");
ref _str.append("<postfield nane =\"flag\"

val ue=\"next\" /> \n");

ref _str.append(" <postf|eld nane=\"prevPc\"

val ue=\""+pc+"\" /> \n

ref_str. append( " <postf| el d name=\" prevAi rcond\"

val ue=\""+aircond+"\" /> \n");

ref_str.append(" <postf|eld name=\"prevLi ght\"

val ue= \""+||ght+"\" [>\n");

ref _str.append("<postfield nane=\"prevChp\"

val ue=\""+ohp+"\" /> \n");

out.prin
out.prin

-
5 35
—~
/\
\
~

if (pc.equals(" CN)) {
out.println(" <anchor>CFF");
out.prlnt(ref _str);
out.println(" <postf|eld name=\"pc\" valuex\"CFR\" />");

out.println("</go>");
out.println(" </ anchor >" );
} else {
out.println(" <anchor>ON');
out.print(ref _str);
out.println(" <postf| eld name=\"pc\" values\"ON" />");
out.println("</go>");
out.println("</ anchor >");
}

out. printl (”</p>")-
out.println("<p>AirCond.: "+aircond);

tenp_str = new StringBuffer(ref_str.toString());

if (aircond.equal s("ON')) {
out.printin(" <anchor>OFF");
out.print(ref_str);
out. println("<postfield nane=\"aircond\" val ue\"GR" />");
out.println("</go>");
out.println("</anchor>");
} else {
out.printl
out.print(ref_str);
out . prlntln( <postf|eld nane=\"aircond\" val ue\"QN" />");
out.println("</go>");
out.println("</anchor>");

n(" <anchor>ON');
2

}
out.println("</p>");
out.println("<p>Light : "+light);

if (light.equals("ON')) {
out.println(" <anchor>OFF");
out.print(ref_str);
out.println("<postfield name=\"1ight\"
value=\"OFR\" />");
out.println("</go>");
out.println("</ anchor >");

out.println(" <anchor>ON');
out.print(ref_str);
out.println("<postfield nane=\"light\"

value=\"ON\" />");
("<go>");

out.println
intln("</anchor>");

out. pri

}

out.println("</p>");

I www XML-JOURNAL.com



out.println("<p>0HP : "+ohp);

if (ohp.equals("ON')) {
out.println(" <anchor>CFF");
out.print(ref_str);
out.println(" <postf| el d name=\"ohp\"

val ue=\"COFFR\" />");

out.println("</go>"
out.println("</ anchor>")

} else {
out.println(" <anchor>ON');
out.print(ref_str);
out.println("“<postfield nane=\"ohp\" val ue=\"O\" />");
out.println("</go>");
out. println("</anchor>");
}
out.println("</p>");
out.println("</card>");
out.println("</wi>");

}

public void doPost (HttpServl et Request request,
Ht t pSer vl et Response response)
throws | CException, ServletException

doCet (request, response);

private void start()

/1 1P address of the Coactive connector gateway
ip = _new String("153.20.248.29");
ior = genior();

initialize the orb for reference to the connector
gat eway
if (initOb() == 1)

Il
Il

Systemerr.printin("init(): initOb() failed ");
} else

Systemerr.printIn("init(): initOb() succeeded ");

/] get references to objects available on the Connector
if (getConnection() == 1)

Systemerr.printIn("init(): getConnection() failed ");

el se

Systemerr.printIn("init(): getConnection() succeeded ");

get Defs();

Il retrieve current device status for PC, Aircond,
String pc_string = getVal ue(pc_val ue);
String aircond_string = getVal ue(ai rcond_val ue);
String light_string = getValue(light _value);
String ohp_string = getVal ue(ohp_val ue);

light and ohp

if (pc_string.equal s(ON_value)) {

if (aircond_ strlng equal s(ON_val ue)) {
aircond = "ON';

} else {
aircond = "OFF";

if (I|ght stnng equal s(OFF_val ue)) {

light = "ON';
} else {
light = "OFF";

if (ohp_string.equal s(ON_value)) {

ohp = "ON';
} else {
ohp = "COFF";
} /1 end start

voi d setValue(int dpld, String value_to_set)
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Il to control the device according to the operation
11 specified e.g. OFF

{St ring getValue(int dpid)

/1 to retrieve the status of the device ..

.return as a string

} I/ servliet class definition

<?xm version="1.0"?>

<! DOCTYPE wni PUBLIC "-//WAPFORUM / DTD WML 1. 1//EN'
“http://ww. wapforumorg/DID/wrd _1. 1. xm ">

<l'-- Source Generated by WW Deck Decoder -->

<wi >
<card id="iControl" newcontext="true" title="iControl">
<p>
PC : OFF
<anchor >ON

<gO
href="http://apricot.ccs.np.edu.sg: 8080/ servlet/iControl"
net hod="post" >

<postfield name="flag" val ue="next"/>
<postfield name="prevPc" val ue="COFF"/>
<postfield name="prevAircond" val ue="OFF"/>
<postfield name="prevLi ght" val ue="OFF"/>
<postfield name="prevChp" val ue="OFF"/>
<postfield name="pc" val ue="ON'/>
</ go>
</ anchor >
</ p>
<p>
AirCond.: OFF
<anchor >ON

<gO
href="http://apricot.ccs.np.edu.sg: 8080/ servlet/iControl"
met hod="post " >

<postfield name="flag" val ue="next"/>
<postfield name="prevPc" val ue="COFF"/>
<postfield name="prevAircond" val ue="COFF"/>
<postfield name="prevLight" val ue="CFF"/>
<postfield name="prevChp" val ue="OFF"/>
<postfield name="aircond" val ue="ON'/>
</ go>
</ anchor >
</ p>
<p>
Light : OFF
<anchor >ON

<gO
href="http://apricot.ccs.np.edu.sg: 8080/ servlet/iControl"
net hod="post" >

<postfield name="flag" val ue="next"/>
<postfield name="prevPc" val ue="COFF"/>
<postfield name="prevAircond" val ue="OFF"/>
<postfield name="prevLi ght" val ue="OFF"/>
<postfield name="prevChp" val ue="OFF"/>
<postfield name="light" value="ON'/>
</ go>
</ anchor >
</ p>
<p>
OHP : OFF
<anchor >ON

<gO
href="htt p://apri cot. ccs. np. edu. sg: 8080/ servlet/i Control "
met hod="post " >

<postfield name="flag" val ue="next"/>
<postfield name="prevPc" val ue="COFF"/>
<postfield name="prevAircond" val ue="COFF"/>
<postfield name="prevLight" val ue="CFF"/>
<postfield name="prevChp" val ue="OFF"/>
<postfield name="ohp" val ue="ON'/>
</ go>
</ anchor >
</ p>
</ card> g
</ wnt > &




SOAP

he last edition of the XML in Transit column (XML-J, Vol. 1, issue 4) introduced the Simple Object Access Protocol
(SOAP). Instead of dwelling on technical issues, it focused on the driving forces behind the technology.

|

To put SOAP into context we looked at
its history, parsed the buzzword-com-
pliant phrase ubiquitous XML distrib-
uted computing infrastructure and
scoped the SOAP specification within
the broader set of standards likely to
emerge in this area. One possible layer-
ing of SOAP and related specifications is
shown in Figure 1. The areas already
covered by SOAP are grayed out. As far
as protocol support is concerned, the
latest SOAP specification (SOAP 1.1)
provides bindings only for HTTP.

In this column we’ll go deep into the
SOAP specification. Let’s start our dive
into the technical details with a look at
SOAP’s extensibility framework.

Extensibility Framework

XML has become the lingua franca for
structured data exchange on the Inter-
net. In particular, with the wider adop-

tion of XML Namespaces and XML
Schemas we now have the ability to
define and extend XML protocols in a
distributed environment. In other
words, it's now possible for a single orga-
nization or standards body to create a
specification and publish it for broad
use while also guaranteeing that it can
be safely extended at a later date by
independent third parties. Safely in this
context means that (1) optional exten-
sions shouldn’'t break existing applica-
tions, (2) mandatory extensions will
work only with applications that under-
stand them and (3) multiple extensions
can coexist peacefully.

Don't get me wrong — | said it was pos-
sible, not trivial, to do this. It's not the
case that schemas and namespaces
automatically enable this type of inter-
operability. However, they make it possi-
ble for mere mortals to develop specifi-
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FIGURE 1 One possible layering of SOAP and related specifications
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cations and extensions with these prop-
erties, and this is important enough.
Think about the last time you tried to
extend some flat data model or even
tried to add a couple of elements to your
XML DTD. Could your existing software
safely skip over the optional extensions?
Or did you have to change your code? Be
honest. No one’s looking.

Simplicity and extensibility are major
design goals for SOAP. They’re achieved
through modularity and layering. SOAP
is designed to maintain different aspects
of the specification as completely inde-
pendent or “orthogonal.”

Here's how several SOAP facets are
treated:
 Communication protocols: Generally
speaking, the choice of communica-
tion protocol has no impact on the
structure and content of SOAP mes-
sages. SOAP is protocol-independent.
However, the SOAP specification
details how SOAP messages can be
sent over HTTP because it’s likely that
HTTP will be the most common deliv-
ery mechanism for SOAP messages.
We can also be sure that SMTP will be
a common mechanism for simple
message passing and that pure sock-
ets are going to be used frequently
inside firewalls for performance.
Communication patterns: The choice
of communication patterns (request-
response, point-to-point, publish-
subscribe) may change the structure
of a SOAP message, but the schemas
identified by the SOAP-specific name-
spaces don’t need to be changed.
SOAP messages are a mixture of ele-
ments from SOAP-specific name-
spaces and any other namespaces.
The choice of communication pattern
may impact the schema design within
these other namespaces. In other

www. XML-JOURNAL com



Cape Clear
Www.capeclear.com




words, “application-level” schemas

might change, but the core SOAP
ication Protocol) M . -
-”"'c‘"1 Jlictocol) Message H_ schemas stay intact. SOAP defines

POST /LookupC: | HTTP/1.1 .

Host whmlookupeentasecom } The S04 server one possible way to do RPC, but oth-

Content-Type: text/xml; charset="utf-8" .

Content-Length: nnn ers can be provided.

SOAPACiON: "Some-UR|" s Ca be ised! to speciify intent of the request for firewalls, etc. R
_| * SOAP Envelope: According to the
| SOAP Message e . “

soRP-evEmelope | SOAP 1.1 specification, “the SOAP

xmlnssoAP ENV= h(tp//schemasxmlsoapDrglsoap/envelope/ Envelope construct defines an overaII

SOAP-EI
-mTﬁ— framework for expressing what’s in a
<SORPENV:Header> = ) message, who should deal with it, and
—-honzatlon Header H» ) N
whether it's optional or mandatory.”

<aAuthorizationLevel>
| =" -URI™> - - - .
O eyt 1 Wot, rowyou're tlkig.. All this is done with just a few XML
</a:AuthorizationLevel> , . .
elements, as we’'ll see later in this col-
amsion | umn. The schema is kept in a separate
xmins:t="some-| "
SOAPVE‘X‘T;SQML{ A transaction ID, most likely... namespace (http ://SC.hemaS.XmSOaD.
<eTeansaction> org/soap/envelope aliased as SOAP-

ENV in the specification) so it doesn't
affect other parts of SOAP. The enve-

lope framework allows any “applica-
tion-level” XML to be packaged as

headers or the body of a SOAP mes-
I sage. It’s the only SOAP schema that

can't be replaced.
« Data encoding: SOAP defines one par-
</miLookupPerson> ticular set of data encoding rules. Again,
they’re kept in their own namespace
(http://schemas.xmlsoap.org/
soap/encoding aliased as SOAP-ENC in
the specification). The SOAP implemen-
tation by the Apache XML Project

already has an alternative encoding
FIGURE 2 Structural breakdown of SOAP example ?jf;dc;): k);e'vrl:r'of\/irli/ezt11 fec:rdeit:nfglceo\(:\ll:g
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<ISOAP-ENV:Header>

<SOAP-ENV:Body>

<m:LookupPerson
xmins:m="Some-URI'>

<FirstName>Big<FirstName>
<LastName>Boss</LastName>

</Soap-ENV:Body>

</SOAP-ENV:Envelope>
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Distributed Data Exchange (WDDX).
Any portion of a SOAP message can have
its own encoding rules, which can be
intermixed freely. The SOAP-ENV:
encodingStyle attribute binds encoding
rules to an element and its content. The
value of the attribute is the namespace
for the encoding.

Now that you understand the “pretty
much anything goes” policy of SOAP,
let’s look at a detailed example. We'll
pick it apart to learn more about the
envelope framework.

SOAP Message Structure

Listing 1 is an example request to look
up the name “Big Boss” using a SOAP,
server managed by Lookup Central. In this
case we're using SOAP to implement an
RPC over HTTP mechanism.

This is a fairly complex SOAP exam-
ple. To get a better handle on it, I've bro-
ken it down structurally in Figure 2 and
added some comments.

The first thing that’s apparent is the
layering of logical on top of physical
protocols. The XML of the logical SOAP
message is contained within a physical
HTTP request. (Yes, | do agree that the
notion of logical versus physical proto-
cols gets quickly confused when one
thinks about a thick protocol stack, but

please bear with me here.) There are a
couple of important things to note
about this:

e The location of the SOAP server
(www.lookupcentral.com/Lookup-
Central) is identified within the HTTP
request; it’s not part of the SOAP mes-
sage. By being addressing-agnostic
SOAP can be protocol-independent.

* The optional SOAPAction header of
the HTTP request identifies the intent
of the SOAP request. Its value can be
any URI. For example, the value can
be used by firewalls to appropriately
filter SOAP messages.

When we look at the beginning of the
SOAP message, we see the SOAP Enve-
lope element. It's the mandatory top ele-
ment of the XML document represent-
ing the message, and because it's
uniquely identified by its namespace, it
allows processing tools to immediately
determine whether a given XML docu-
ment is a SOAP message.

This certainly is convenient, but
what do we trade off for this capability?
The biggest thing we have to sacrifice is
the ability to send arbitrary XML docu-
ments and perform simple schema val-
idation on them. True, we can embed
arbitrary XML inside the SOAP Body
element, but naive validation will fail

when it encounters the Envelope ele-
ment at the top of the document
instead of the top document element of
our schema. The lesson is that for
seamless validation of arbitrary XML
inside SOAP messages, we need
smarter tools.

A final note about the Envelope ele-
ment: it doesn't expose any protocol ver-
sioning information (such as a major
and minor version number). Instead,
the notion of versioning is tied to the
namespace URI. As the protocol evolves,
the URI is likely to change.

Going further with the example mes-
sage, under the Envelope element we
see a Header element. Headers, which
are optional in SOAPR, are the primary
mechanism by which additional facets
can be added to SOAP-based protocols.
They provide an elegant yet simple
mechanism to extend SOAP messages in
a decentralized manner. Typical areas
where headers get involved are authen-
tication and authorization, transaction
management, payment processing,
tracing and auditing. Another way to
think about this is that you'd use head-
ers to pass any information orthogonal
to the specific information needed to
execute a request.

For example, a stock quote service
only needs a stock symbol to generate a

TheShortList
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quote. In real-world scenarios, however,
a stock quote request is likely to contain
much more information (e.g., the identi-
ty of the person making the request,
account/payment information). This
additional information is usually han-
dled by infrastructure services (login
and security, transaction coordination,
billing) outside the main stock quote
service. Encoding this information as
part of the body of a SOAP message will
only complicate matters. That’s why it
will get passed in as headers.

All immediate children of the Header
element are header entries. In Figure 2
we have two. The first one has some-
thing to do with the authorization level
of the entity making the request. The
second passes what looks like a trans-
action identifier to the SOAP server. In
general, header entries can have arbi-
trary XML in them. Note how the unre-
lated header entries use separate
namespaces.

Also, notice the SOAP mustUnder-
stand attribute with value “1” that deco-
rates the Transaction element. This
attribute indicates that the recipient of
the SOAP message must process the
Transaction header entry. If a recipient
doesn’'t know how to process a header
tagged with mustUnderstand="1" it
must abort processing with a well-
defined error. This rule allows for robust
evolution of SOAP-based protocols. It
ensures that a recipient that might be
unaware of certain important protocol
extensions doesn't ignore them.

Because the AuthorizationLevel header
entry isn't tagged with mustUnder-
stand="1", it can be ignored during pro-
cessing. Presumably this will be okay
because a server that doesn’'t know how to
process authorization levels will operate
under a safely low authorization level,
one that doesn't allow intruders to gain
access to confidential information (in this
case, perhaps the salary of the Big Boss).

I'd like to finish the discussion of
headers with a reminder that the two
headers in the example are fully ficti-
tious. There has been no broad consen-
sus in the SOAP community about how
to handle authentication, authorization
or transactions. We need these to enable
enterprise-quality SOAP-based systems.

The SOAP Body element immediately
surrounds the information that’s intend-
ed for the final recipient of the SOAP
message. Truth be told, you can pass the
same information using a header entry
tagged with mustUnderstand="1", but
using a mandatory Body element just
makes things easier to understand and
process.

All immediate children of the Body

element are body entries. In the exam-
ple, we want to perform an RPC request
to the LookupCentral server and look up
the name “Big Boss” in it. Although arbi-
trary XML can be passed via a body
entry, by convention, in many cases of
RPC over SOAP the name of the first
body entry element identifies the
method you're interested in accessing. In
this case, the LookupPerson element
identifies a method with the same name.
Note the use of yet another namespace
to keep method-related information
separate from everything else.

The content of LookupPerson is the
set of parameters we need to pass to the
method to do its job. In the example
we’re passing two strings — the first and
last names of the person we’re looking
up. These are simple values, but keep in
mind that SOAP can encode pretty
much any data structure.

That’s most of what there is to a SOAP
message structure. Let’s look at a possi-
ble response message.

The SOAP Response

As you can see in Listing 2, the struc-
ture of the SOAP response message is
identical to that of the SOAP request
message.

The Transaction header entry is
returned to indicate that the response is
part of the same transaction as the
request. The AuthorizationLevel header
entry is absent because it makes sense
only during the request. The Body ele-
ment contains a LookupPersonRe-
sponse element. Adding “Response” to
the request element name is a conven-
tion suggested (but not required) by the
SOAP specification. The response data is
encoded via the SOAP encoding style
used by the request. We can see that Big
Bad Boss is CEO of UberSoft Corpora-
tion and that she has a nice round salary
of $10,000,000. That’s all there is to it.

SOAP Message Exchanges

On the surface SOAP message process-
ing seems really simple. A SOAP server will
get a message, check that it knows how to
process all elements tagged with mustUn-
derstand="1" and then invoke whatever
back-end functionality the message
requests. Actually, there’s a lot more going
on. The fact that SOAP is independent of
the choice of protocol and communica-
tion pattern’s is great from the perspective
of simplicity and flexibility; however, it
means that SOAP clients and servers must
maintain separate conventions on how to
perform message exchanges and that
takes some effort. Let’s look at the example
in a little more detail.

The SOAP message arrives as an

HTTP request. The SOAP server that’s
the recipient of the message is identified
at the HTTP protocol level (www.look-
upcentral.com/LookupCentral). The
SOAP client needs to know (1) that
there’s a SOAP server at that URL and (2)
how to send a message to it. This means
sending an HTTP request to the URL
with ContentType text/xml, with the
message as the body of the request.

The SOAP server needs to be listening
for messages at that URL and, although
SOAP messages can be thought of as
one-way transmissions from a sender to
a receiver, in this particular example
both the SOAP client and server must
know that the response message will be
part of the HTTP response. Successful
message processing should return
HTTP status 200 OK. The bottom line is
that there needs to be a lot of shared
knowledge about the protocol over
which the client and the server must
communicate.

The same is true at the logical proto-
col level. Both client and server need to
know that they are engaging in an RPC
communication pattern. Both must use
the convention that the name of the first
body entry element specifies the opera-
tion that needs to be performed. Both
must understand the encoding style
used to represent information.

Other semantics need to be agreed
on. For example, the client needs to
encode transaction information into a
header entry. The server needs to be
able to process this transaction informa-
tion (the Transaction element is tagged
with mustUnderstand="1"). And the
server needs to know that the response
message should include the same trans-
action ID as the request message.

As you can see, for meaningful mes-
sage exchanges to occur over SOAP,
clients and servers need to agree on a lot
of things that are outside the scope of
the SOAP specification. That’s why it’s so
important for the industry to quickly
address the broad set of problems in the
area of XML-based distributed comput-
ing as shown in Figure 1. I'll spend more
time looking at these issues in future
installments of this series.

I'll complete the SOAP trilogy with
SOAP Part 3, which will address aspects
of the latest specification we haven't
covered so far: data encoding, error han-
dling and the really cool concept of
intermediaries. Once again, SOAP will
prove simple, elegant and flexible, and
far short of providing the full solution.
Stay tuned for details. {4

P

I www XML-JOURNAL.com



sine 2T

LI
A SOAP nessage exanpl e
POST /LookupCentral HTTP/ 1.1

Host: wwww. | ookupcentral server.com
Content - Type: text/xm; charset="utf-8"
Cont ent - Lengt h: nnnn

SOAPAct i on: "Sone- URI "

<SQOAP- ENV: Envel ope
xm ns: SOAP- ENV="ht t p: / / schenas. xn soap. or g/ soap/ envel ope/ "
SQOAP-
ENV: encodi ngStyl e="htt p: // schemas. xn soap. or g/ soap/ encod-
ing/"/>
<SOAP- ENV: Header >
<a: Aut hori zati onLevel >
xm ns: a="some- URl ">
<Real | yVeryHi gh/ >
</ a: Aut hori zati onLevel >
<t:Transaction
xm ns: t="some- URl "
SOAP- ENV: nust Under st and="1">
12345
</t:Transaction>
</ SOAP- ENV: Header >
<SOAP- ENV: Body>
<m LookupPer son
xm ns: n¥" Sonme- URI " >
<Fi r st Name>Bi g<Fi r st Nane>
<Last Nane>Boss</ Last Nane>
</ m LookupPer son>
</ SOAP- ENV: Body>
</ SOAP- ENV: Envel ope>

uising 231N

A SOAP nessage response exanple
HTTP/ 1.1 200 K

Content-Type: text/xm ; charset="utf-8"

Cont ent - Lengt h:  nnnn

<SOAP- ENV: Envel ope

xm ns: SOAP- ENV="ht t p: / / schemas. xm soap. or g/ soap/ envel ope/ "

SOAP-
ENV: encodi ngSt yl e="htt p: // schemas. xnl soap. or g/ soap/ encod-
ing/"/>

<SOAP- ENV: Header >
<t:Transaction
xm ns: t="some- URI "
SOAP- ENV: nust Under st and="1">
12345
</t:Transaction>
</ SOAP- ENV: Header >
<SOAP- ENV: Body>
<m LookupPer sonResponse
xm ns: =" Some- URI " >
<Fi r st Name>Bi g</ Fi r st Name>
<M ddl eName>Bad</ M dd| eNane>
<Last Nane>Boss</ Last Nane>
<Conpany>Uber Sof t Cor por at i on</ Conpany>
<Posi ti on>CEO</ Posi ti on>
<Sal ary>
<Currency>USD</ Currency>
<Anmount >10000000</ Anmpount >
</ Sal ary>
</ m LookupPer sonResponse>
</ SOAP- ENV: Body>
</ SOAP- ENV: Envel ope>
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Ixlasoft.com

www.XML-JOURNAL.com |

5 K1



— ]

XML FEATURE

[ MAHESH CHULET ]

he Wireless Application Protocol (WAP) specification defines

Wireless Markup Language (WML) and Wireless Markup Language Script

(subsets of the Wireless Application Environment [WAE] specification) as
the languages for displaying and adding procedural logic to the content
on a WAP-enabled wireless device.

In WAP terminology WML documents are referred to as decks. A deck
contains procedures for user interaction in the form of cards. This article
familiarizes you with WML, the structure of a WML document and the
various components associated with it.

WAP is a specification developed by the WAP forum. It’s a set of com-
munication protocols that standardize the mechanism used by wireless
devices to access the Internet. The WAP forum is an industry association
comprising of more than 200 members. These members constitute 95% of
the global handset and carrier market. Big names in this market include
Alcatel, AOL, Motorola, Microsoft and AT&T.

The WAP forum also defines an industry-wide specification for
developing applications and services for wireless devices, the WAE (see
Figure 1).

The WAE consists of the following entities:
* WML microbrowser
« WMLScript virtual machine
 WMLScript standard library
* Wireless telephony application interface
 WAP content types

The WML and WMLScript entities of the WAE application layer pro-
tocol specification deal with content display and client-side scripting.

WAP Content

The HTML's rich display capability is unsuitable for wireless devices
due to low computing power, a limited memory, a small display, an input
mechanism limited by a numeric keypad, limited bandwidth wireless
channels and a device used mostly with one hand. The WAP specifica-
tion implementation tries to make optimum use of small display units,
to allow navigation to be performed with one hand and to provide the
maximum data in the smallest packet size. Navigation mechanisms in
WAP include HTML-type hyperlinks and intercard navigation elements
(tags). These mechanisms also keep track of history navigation elements,
which are similar to navigation mechanisms provided over the Web
using HTML. They also define the variables, elements and syntax to be
used in a valid WML file, thus standardizing the language for developing
WAP content.

WML and WMLScript are analogous to HTML and JavaScript. The
former is a tag-based document language used for displaying content on
wireless devices; the latter is a scripting language that adds client-side
procedural logic to the WML decks. WML inherits properties and behav-
ior from HTML and HDML (Handheld Device Markup Language). It's
quite a strict language in comparison to HTML as it’s based on XML.
Though WML isn't really a subset of HTML, they do share some common
tags. Compared to HTML, WML is lightweight with fewer tags, and
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FIGURE 1  WAE components diagram

instead of creating pages you create decks that consist of one or more
cards. Decks are WML documents that contain cards — procedures for
particular user interactions.

WNMLScript is based on the ECMA script standard. It's a weakly typed
language; the variables’ data types are determined when the variable is
assigned a value. The data types for supported variables are boolean, inte-
ger and floating point variables. WMLScript supports an if...then...else
set of flow control structures. The naming rules for WMLScript variables
are similar to the ones for WML, namely:

e Alphanumeric characters can be used.
e Underscore can be used within names.
e All the names are case sensitive.

« Names shouldn't begin with a digit.

WML is encoded, while WMLScript is compiled into binary form
before it’s sent to the client. WMLScript needs to be compiled into the
WNMLScript bytecode before it can be run on a WAP client (e.g., a WAP
phone). Unlike HTML and JavaScript, WML contains references to
WMLScript URLs only. The WAP client must contain a WMLScript virtu-
al machine to run the compiled script. Thus it provides a standard means
for applying procedural logic to WML decks. WAE specifies a set of stan-
dard library functions. These functions should be available on platforms
seeking compliance with the WAP specification.

Communication

A user wishing to access a particular service from a WAP server sub-
mits a request to the server using a WML user agent (e.g., microbrowser).
The user agent sends a URL request to the WAP gateway by using the
WAP protocols. The request for service is done in a manner similar to the
HTTP GET request. Once the WAP server receives a request, it makes a
request to a Web site or to any other back-end system for the needed
resource. After the result is obtained from the external resource, the con-
tent is processed by a gateway. The gateway converts this content into a
format that’s best suited for limited bandwidth transmission and limit-
ed-device processing capability. Eventually it transmits this information
in an optimized format (see Figure 2).

The gateway and the request processing server can be a single sys-
tem. The gateway doesn'’t always need to be present in a WAP network.
WML encoding and WMLScript compilers can be built into the WAP
server. The user agent receives the WAP response, parses the WML con-
tent and displays the first card of the WML deck to the user. If the user
agent comes across a reference to WMLScript while interpreting the
WML content, it sends out a request to obtain these scripts. On receiving
the WMLScript from the server, the WMLScript VM in the user agent
interprets and executes it.
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WAP Communication
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FIGURE 2  WAP communication

WML Details
DOCUMENT STRUCTURE

WML is a tag-based, document-formatting language that imple-
ments a subset of HDML version 2.0. It inherits most of its syntactic con-
structs from XML and HTML. Like XML, it’s case sensitive, which implies
that all the tags, attributes and contents are case sensitive too. WML tags
enable content providers to specify text and images that can be dis-
played by a wireless device. The content is surrounded by tags, and each
tag is enclosed in a pair of angle brackets. The start tag can have attri-
butes associated with it (<card id="one”>) that provide extra informa-
tion, similar to tag operations in HTML and XML. In WML the new tag
format is the empty element, as compared to HTML. These tags have the
open and close tags merged into a single tag (<tag/>). Comments in
WML follow the same syntax as HTML and XML, and the user agent
doesn’t display them to the user. The syntax for comment is <!-- an
ancient comment tag -->.

WML pages, documents or decks can contain single or multiple
cards. The start of a deck is identified by the opening <wml> tag and the
end by the closing </wml> tag. Numerous cards can be placed between
them. WML cards are similar to the destination anchors in HTML doc-
uments, which may be specified by the <A> element (identifying it with
the name attribute). The start of a card is identified by the opening
<card> tag and the end by the closing </card> tag. Cards specify one or
more units of user interaction — for example, a screen of text, a text entry
or a field choice menu. Cards can be labeled and grouped together in a
deck. The procedural logic coded in WMLScript, or the reference tags in
WML embedded within cards, may invoke services on the originating
server as needed by a particular deck’s interaction. Listing 1 provides a
basic WML deck example.

HTML and XML developers must feel comfortable with the syntax of
the preceding WML deck example. Every WML deck begins with a head-
er statement introducing the document (this should be incorporated
into every WML page). The next line specifies that a valid WML deck is
a valid XML document and therefore contains both XML and docu-
ment-type declarations. The <wml> and </wml> tags bind the WML
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deck content. The <card> and </card> tags bind the content of a WML
card. Cards help divide the deck into modules for user interaction; usu-
ally only a single card is displayed. After the user finishes interacting
with a card, he or she can move to the next card in the deck using the
navigational links provided.

Another high-level entity in the WML deck is the template. A tem-
plate defines deck-level characteristics that apply to all cards in a deck.
This provides a great mechanism for adding default behavior to your
WML cards. Individual cards that need to provide different characteris-
tics can override the ones defined in the template by declaring charac-
teristics using the same name.

ENTITIES

WML contains tokens that are used by the WML interpreter to intro-
spect content attributes. Using these tokens in regular text will confuse
the WML interpreter and provide incorrect output. These characters
must be represented by entities in order to be used in regular content.
When entities are interpreted, they substitute characters that represent
tokens. Use the &lt; entity because the less than sign, “<”, is used to begin
tags, such as <wml>. If you used “<” in text programs that read WML
documents, the programs would be unable to determine if it’s a tag or
regular content. All entities begin with an ampersand and end with a
semicolon. WML text can contain numeric or named character entities.
See Figure 3 for an example of WML text.

TEXT FORMATTING

WML supports HTML elements for text formatting. The various tags
provided are:
« Textemphasis elements: For example, small, big, u, b, i, strong and em
* brelement: For new line
« pelement: For paragraph-type formatting
« Table element: For creating tables, including the tr and td elements

EVENTS AND TASKS

WML provides quite a few elements that allow you to handle events
and navigation by processing the user agent events. This is similar to the
callback mechanism that’s used when programming with high-level lan-
guages. In WML you can associate a task with an event, so when the
specified event occurs, the attached task will be executed. Event binding
with a task can be done with the help of several elements provided in
WML, such as do, onevent and ontimer. Specify the tasks to be executed
on a particular event by using the following WML elements: go, prev,
refresh and noop.

Greater than : >
Less than : <
Quote : "
Ampersand : &

: &lt; <br/>
&quot; <br/>
and : &amp; <br/>

Example

FIGURE 3  Qutput display obtained for the code using WinWAP WML browser

VARIABLES

WML decks and cards accept parameters that can be set using vari-
ables. The variable syntax is important and can be used anywhere within
a deck. All declared variables are global in nature. Variables are case sensi-
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tive and the operations involving them are done with the help of the “$”
character. The normal “$” character can be referred to using the syntax
“$$”. Variable names consist of an ASCII letter or underscore followed by a
zero or more letters, numbers or underscores. Any other characters are
illegal and result in an error. The syntax used for variable operations is:

$Variabl e_nane or $(Variabl e_nane)

The keywords used for related variable operations are setvar, input
and select. For example:

<setvar name="Car " value="Ferrari "/>

USER INPUT
WML provides various elements to obtain user input. One major
advantage is the language-provided ability to customize user-input ele-
ments for accepting data. This decreases the redundant task of validat-
ing common errors in user input.
* Input: Input element provides a text field for users to key in the data
(input method varies, depending on the platform). For example:

<input name="id" type="text" value="Bill"/>

* Select: Select element provides a list of items. Both multichoice and
single-choice list elements are supported by WML. The contents of the
select element can be set using the option element.

<sel ect name="LIST" iname="L" ivalue="1;2" nultiple="true">
<option val ue="B">Bus</ opti on>

<option val ue="C"'>Car </ option>

<option val ue="T">Trai n</ opti on>

</ sel ect >

* Optgroup: Optgroup element groups related option elements into a
hierarchy. This hierarchy helps the user agent provide the layout and
presentation. Various option elements can be set under an optgroup
element. The display is similar to multiple select elements that are
combined into one.

<sel ect name="drivers" multiple="true" tabindex="3">
<optgroup title="maclaren">

<option val ue="m ka">M ka</ opti on>

<option val ue="davi d" >Davi d</ opti on>

</ opt gr oup>

<optgroup title="willianms">

<option val ue="ral ">Ral ph</ opti on>

<option val ue="but">Button</ opti on>

</ opt gr oup>

</ sel ect >

« Fieldset: The fieldset element groups related elements of various
types. This helps categorize fields on the basis of the application rules.

<fieldset title="Enployee">

First name: <input type ="text" name="fnane" max| engt h="25"/><br/>
Last name: <input type="text" name="|nanme" maxlength="25"/><br/>
</fieldset>

<fieldset title="Profile">

<sel ect name="type">

<option val ue="P">Per manent </ opti on>

<option val ue="T">Consul t ant </ opti on>

</ sel ect ><br/ >

</fieldset>

IMAGES
Because of the limitations of the WAP devices, normal JPEG and GIF
images can't be displayed or stored on them. A new image type called the
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WBMP format has been specified for WAP devices. It's a one-bit variant
of the normal BMP format and supports black or white. This graphics file
is limited: it can't be more than 150x150 pixels or 1,461 bytes. As the
capabilities of the wireless devices increase, these limitations are bound
to change. You can incorporate these graphics files in your WML deck by
using the href element. The syntax is:

<inmg src="mercedes. wbnp" alt="Merc" src="error.wbnp" hspace="1"
vspace="1"/>

Conclusion

The WAP forum'’s efforts to standardize WML and WMLScript make it
easy for content and service providers to focus on providing more ser-
vices and functionality rather than spending time catering to disparate
wireless technologies. The continuing WAE efforts will provide more
functionality and a higher level of control over wireless devices using
WML and associated technologies.

This overview of WML has described as many elements of the lan-
guage as possible. Next we’ll see how WMLScript can be used in tandem
with WML for developing WAP applications. Additional code listings can
be found on the XML-J Web site. {4
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LISTING J§)

<?xm version="1.0"?>

<I'DOCTYPE wm PUBLIC "-//WAPFORUM / DTD WWL 1.1//EN'
"http://ww. wapforum org/ DTD/ wni _1. 1. xni ">

<wl >

<card id="ex1" title="hello">

<p align="center">

<b> Hello Wrld! </b></p>

<do type="accept" name="two" |abel ="Next Card">
<go href="#ex2"/>

</ do>

</ card>

<card id="ex2" title="Welcome">

<p align="center">

<b> Quick Guide to WML </b>

</ p>

</ card>

</ wm >
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ata-driven development defies datahase descriptions daily....Try saying that fast enough, and you'll have an idea
of the problems involved in database programming these days. It was much simpler when the industry was built
around client/server development and client code talked directly to a database server. When you wanted to get
data from a database, you embedded a SQL query into the application code and there was no middle tier involved.
Of course, there were some major disadvantages with this approach, and we've gotten a bit smarter since then.
Now we're usually building distributed applications, communicating through application servers and Web servers.

|

One technique that companies use to
simplify the development effort is to map
relational database tables onto business
objects in an object-oriented language.
This approach can make code easier to
maintain, since the client code doesn't
contain SQL statements but instead per-
forms operations on business objects.
The client code is thus cleaner and less
dependent on the physical database
schema. The difficulty, of course, is in
converting between the physical struc-
ture of the database and the logic of the
business objects. Some very good tools
are available to do this, but what can you
do when a customer won't pay for the
tools, or the customer doesn't want to
spend time and money to learn a new
API?

My customers frequently ask for Java
applications based on business objects,
and the data is usually stored in a rela-
tional database. An object-oriented
database might have made more sense
in many cases, but it's usually a difficult
sell when you're talking with relational
database administrators! One solution is
to write source code for objects based on

the database schema. This is simple
enough, if the schema is not very com-
plicated or only a few tables are involved.

When a hundred or more tables are
involved, however, the problem is a
logistical one. In other words, the data
entry itself becomes a major task. But
rather than hire an army of clerks, it’s
possible to generate source code for the
business objects directly from the data-
base using an automated process. In the
rest of this article I'll show you how to
generate source code for some simple
business objects using XSLT. The
process involves generating an XML
document to represent the database
schema, and then wusing an XSL
stylesheet to generate source code for
the Java classes.

The first step is to obtain the data-
base schema. In Java you can use the
DatabaseMetaData class, which is part
of the Java Database Connectivity
(JDBC) API. This class provides metada-
ta about a relational database; you can
use it to read the structure of all the

Brian D. EusaNk

tables in the database, as in Listing 1.

Many other methods of the Data-
baseMetaData class provide access to
information such as foreign key relation-
ships and global database properties. The
getTables() method returns a result set that
has alist of all the tables, columns and data
types in the database. The elements of this
result set are shown in Figure 1, from the
DatabaseMetaData documentation.

The result set contains very useful
information about the database, but
there is one extra step before you can
convert the data into a usable XML file
containing the database structure. The
result set contains information about all
the tables, but you’ll need to group the
information first before writing it to an
XML document. If you tried to write this
result set directly into an XML structure,
it would look something like Listing 2.

But in order to loop through the
items in each table, the document
needs a hierarchical structure rather
than a flat one such as the result set
data. This is unfortunate, because XSL is
particularly bad at grouping elements
by a unique value. So you’re much bet-
ter off doing the grouping before you
create the XML. The pseudocode in
Listing 3 will group the results and build
an XML tree using the Document
Object Model (DOM).

After processing, the resulting docu-
ment should look something like Listing 4.
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Now you have the database schema
in an XML document that can be con-
verted into a low-level database object.
It's possible to do the conversion with
XSLT. XSLT is designed primarily for
converting XML documents into text
formats such as HTML or another XML
document. What many people don't
realize is that XSL can be used to create
other types of text documents, such as
reports or, in this case, Java source code.

First I'll create a simple Java class that
represents a row of data in a specific
database table, as in the following code:

class People {
public String firstnane;
public String |astnang;
public java.util.Date DOB;

To generate this source code from an
XSL template, use the code in Listing 5.

The outer <xsl:for-each> element
loops through all the table elements in
the document, creating a class definition
for each of them. The first <xsl:value-of>
element extracts the name attribute of
each matching table element and uses it
as a class name. The inner <xsl:for-each>
loop processes each column element
within the table, using the column name
attribute as a class field name and the

type attribute as the field’s type. The
<xsl:text> element is used to insert
whitespace into the document.

The result of processing this tem-
plate will be a file with a number of
class definitions in it. You'll need to
split this into separate files for each
class if you need the classes to be pub-
lic, since Java requires that all public
classes be placed in their own source
file. Once you compile the source files,
you have Java class files to represent
each table in your database. It's a lot
easier than manually typing in each of
the database column names to write
the code. For the simple example given
here, it may not be a huge time-saver,
but the code could be extended further
for more complex objects. If you want-
ed to make the objects into JavaBeans,
for instance, you could modify the tem-
plate to provide get and set methods
for each field. Listing 6 gives the desired
class. The XSL code to produce it
appears in Listing 7.

Each class should now be roughly in
aJavaBean format, although the method
names don’t follow the standard naming
scheme. To fix that you'd need to change
the capitalization for each method (see
the JavaBeans specification at http://
java.sun.com).

It’s a bit of work to do the conversion
in XSL, so I'll leave that for your home-
work!

TABLE_SCHEM String => table schema
TABLE_NAME String => table nane
COLUMN_NAME String => col um nane

CRCIEENE

7. OOLUW SIZE int => colum size.
nunber of characters, for numeric or
8. BUFFER_LENGTH is not used.

11. NULLABLE int => is NULL allowed?

col umNul | abl e -
col ummNul | abl eUnknown -
12. REMARKS String =>
13. COLUMN_DEF String => default val ue
14, SQL_DATA TYPE int => unused
15. SQL_DATETI ME_SUB int => unused

bytes in the col um

NULL val ues;

Each column description has the following columns:
1. TABLE_CAT String => table catalog (nmay be null)

DATA_TYPE short => SQL type from java.sql. Types

TYPE_NAME String => Data source dependent type name,

for a UDT the type nane is fully qualified

For char or date types this is the maxi num

9. DECIMAL_DIG@TS int => the nunber of fractional

10. NUM PREC RADI X int => Radix (typically either 10 or 2)
col umNoNul I's - might not allow NULL val ues

definitely allows NULL val ues

nul | ability unknown
comment describing colum (may be null)

16. CHAR OCTET_LENGTH int => for char types the maxi num nunber of

17. ORDINAL_POSITION int => index of colum in table (starting at 1)
18. | S_NULLABLE String => "NO' neans colum definitely does not allow

"YES" means the column might allow NULL values. An empty string means nobody knows.

(may be null)

decinal types this is precision.

digits

(may be null)

FIGURE 1 Structure of getTables() result set

For this simple example we've left the
names unchanged.

This process can be further extended
to generate more complex objects such
as remote objects that could be used in
an application server. Using some of the
other methods of JDBC DatabaseMeta-
Data, you can also get information on
cross-references and primary keys in the
database, and generate source code
based on this information.

Some issues may need to be ironed out
before you can use this process in your
own application. For example, column
and table names may conflict with exist-
ing classes and field names or with
reserved words in Java. In those cases you
can prefix names with character data that
will prevent the naming conflict. Another
problem with using XSL to generate
source code is that you must escape cer-
tain characters, such as ampersand, less-
than and greater-than symbols wherever
they appear in the target source code. You
must use the following XML entity refer-
ences for this purpose:

Ampersand: &amp;
Less-than: &lt;
Greater-than: &gt;

XSL has certain inherent limitations
that may make it difficult to generate
complex source code using only XSL.
One of these limitations is the lack of
grouping operations, where the data is
grouped based on some unique value. In
cases where that is required, it might be
more appropriate to use an API such as
SAX or DOM to parse the XML input, and
to generate the source code from a Java
program instead of XSL. One final issue
is the complexity of large XSL files and
the need to split source code into sepa-
rate files before compiling public classes.
And, of course, XSL with embedded Java
source is a bit hard to read!

You'll also need some utility classes
that move data into and out of the data-
base and convert between SQL and
business objects, and perform database
operations (e.g., INSERT, SELECT,
UPDATE and DELETE). These utilities
aren’t difficult to write, and can be
reused in other applications once
they’re built. The basics of creating a
framework for business objects, by
reverse-engineering a database schema,
are easy enough. With a little planning
and practice you may be able to save
yourself a lot of time! g4
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/1l get a database connection
Connection conn =
Dri ver Manager . get Connecti on(dbURL, username, password);
/1 get its metadata object
Dat abaseMet aData dnd = conn. get Met aDat a();
Il get a list of the tables and col ums
/1 passing null parameters means no search criteria will be
used
Resul tSet rs = dnd. get Tabl es(null,null,null,null);

<col um tabl e="Peopl e" name="firstnanme" type="String" />

<col um t abl e="Peopl e" name="I| ast name" type="String" />

<col um tabl e="Peopl e" name="DOB" type="Date" />

<col umm t abl e="Conpani es" nane="conpanynane" type="String" />
<col um t abl e="Conpani es" nane="address" type="String"/>

/1 create the XM. docunent
Xm Docurment docunent = new Xm Docunent ();
/] create the root database node
El ement db = docunent. creat eEl enent (" dat abase");
/] add it to docunent
docunent . add(db);
/1 create table node
Element table = null;
String previousTable =
while (rs.next()) { // for each row of result set
String tableNane = rs.getString(" TABLE_NAME");
if (!tabl eNane. equal s(previousTable)) {
tabl e = docunent.createEl ement("table");
/] set table name attribute
tabl e. set Attribute("nane", tabl eNane);
/] add table node to database node
db. add(tabl e);
}
/] create the colum node
El ement col umm = docunent. creat eEl ement ("col um");
/] set colum attributes [name, type] fromresult set
col um. set Attribute("name", rs.getString("COLUWN_NAME"));
/1l the data type is the SQ type, not the Java type,
/1 and conversion wll be required
/1 (we've assumed an SQ.ToJava nethod is defined sone-
wher e)
String className = SQLToJava(rs.get String("DATA TYPE"));
colum. set Attribute("type", classNanme);
tabl e. add(colum); // add colum node to table node
previ ousTabl e = tabl eNane;

<dat abase>
<t abl e nanme="Peopl e">
<colum name="firstname" type="String"/>
<col utm name="| ast nane" type="String"/>
<col um name="DOB" type="java.util.Date"/>
</tabl e>
<t abl e nane="Conpani es">
<col utm nane="conpanynanme" type="String"/>
<col utm nane="address" type="String"/>
</tabl e>
</ dat abase>

<?xm version="1.0"?>
<xsl:styl esheet xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ans-
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forn
version="1.0">
<xsl:output nethod="text" />
<xsl:tenpl ate match="/dat abase">
<xsl:for-each select="table">
class <xsl:value-of select="@ane" /> {
<xsl : for-each select="col um">
public <xsl:val ue-of select="@ype" /><xsl|:text>
</ xsl :t ext ><xsl : val ue-of sel ect="@ane" /> ;
</xsl:for-each>
}
</ xsl:for-each>
</ xsl : tenpl at e>
</ xsl : styl esheet >

public class People {
private String firstnane;
public String getfirstname() { return firstname; }
public void setfirstname(String firstnane) {
this.firstnane = firstnane;

}

private String |astname;

public String getlastname() { return lastnane; }

public void setlastnanme(String |astnane) {
this.lastname = | astnang;

}

private java.util.Date DOB;
public java.util.Date getDOB() { return DOB; }
public void setDOB(java.util.Date DOB) {
this. DOB = DOB;
}
}

<?xm version="1.0"?>
<xsl : styl esheet xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ans-
fornt
version="1.0">
<xsl:output nethod="text" />
<xsl:tenpl ate match="/dat abase">
<xsl:for-each select="table">
public class <xsl:value-of select="@ame" /> {
<xsl:for-each select="col um">
private <xsl:val ue-of select="@ype"/><xsl:text>
</ xsl :t ext ><xsl : val ue- of sel ect =" @ane"/>;

public <xsl:val ue-of select="@ype"/> get<xsl:val ue-of
sel ect =" @ane"/>() {
return <xsl:val ue-of select="@ane"/>;

}

public void set<xsl:value-of select="@ane"/>
(<xsl:val ue-of select="@ype"/><xsl:text>
</ xsl :text><xsl:val ue-of select="@ane"/>) {
this. <xsl:val ue-of select="@ane"/> = <xsl:val ue-of

sel ect =" @anme"/ >;

}
</ xsl: for-each>
}
</ xsl:for-each>
</ xsl:tenpl ate>
</ xsl : styl esheet >
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65 million digital cell phone users
4 million WAP phone enthusiasts
150,000 Palm VII fanatics
50,000 RIM pager loyalists
6,000 operating companies
200 carriers

11 networks
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With AlrZweb's Always Interactive™ AP, write one XML-based application and reach the entire digital wireless market. Alr2Wweb
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device authentication. Our hosied development environment makes it easy 1o define, create, test and deploy interactive applications
that promote your brand. And as a wireless ASP, we host and support your applications in a reliable and secure environment. Mo

hardware or software to buy, No carrier gateways to manage. o messaging protecols to understand, No wireless experience
MECBSsAry. See us at Internet Waorld, Boolth #2035, Wisit us at www.airZweb.com. $04.815. 7707

Always Interactive.
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ML provides a convenient mechanism for information exchange between heterogeneous applications. Information
providers expose data that is of some value to their clients in the form of an XML document. The way informa-
tion is processed varies from one client to another and is dictated by the actual application run by the client. A
financial Information provider, for example, runs an XML server application that provides company information
(see Listing 1) to its clients, as shown in Figure 1. This information can be used by a Stock Quote application that
tells its subscribers about the current stock price for a given ticker symbol, or by a stock analysis application that can graph-
ically depict the performance of a stock over a period of time. It can also be used to generate a list comprising a company

name, address and key employees for a directory service.

|

The Stock Quote application may be
an intelligent Internet agent (see Figure
1) that provides services to a wide range
of subscribers who may use a desktop
computer or a wireless device to sign in.
The agent serves the information in the
format accepted by the device (i.e. aWAP
phone subscriber is sent the information
as WML, while other PDA users may
receive the same information as HTML).

A Stock Quote application is interest-
ed only in the current stock price. It
doesn't have any use for the perfor-
mance history and company informa-
tion that comes along in the XML docu-
ment from the information provider.
Likewise, Stock Analysis and Directory
Service applications are interested only
in a portion of the XML document and
have no use for the extra baggage. This
implies that a lot of bandwidth is wasted
in transporting unused information.

A straightforward approach would
make the XML server aware of the
clients it’s serving. That way, the server
could generate an appropriate XML
document for a given client. However,
with this approach the server applica-
tion is tightly integrated with the clients.
The server needs to be modified with
each new client application. Maintain-
ing such a server can become a daunting

task and can also impact the availability
of the server.

A better approach is to allow a client
to tell the server what information it’s
interested in during the registration
process. The client sends a template
XML document when it registers with
the server. When the client requests
information, the server can filter the

[ SAMEER BHATIA

XML document before sending it to the
client. This way, the client controls what
information it can expect from the serv-
er and the server is immune to change
caused by new client applications. The
template describing the information
required by a Stock Quote application
can be represented by stockquote.xml
(see Listing 2).

Now I'll describe how to build an
XML filter that can be used by the XML
server, along with a simple protocol for
registration and subsequent informa-
tion exchange.

XML Filter

The XML filter is written in Java using
the SAX API. SAX is an event-driven API

Vireless Carrier

Stock Quote
Application Server

Stock Analysis
Q| Application Server

Information Provider
(XML Server)

Directory Service
Application Server

FIGURE 1 Information provider and client applications
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Registration Context

ReguestData(Registration Context)

Client

XML Document

XML Server

for parsing XML documents. The parser

notifies the filter when certain events

happen. The events that are used by the

XML filter are:

e startDocument: Signals the start of
the document.

« startElement: Signals the start of an
element. The parser fires this event
when the contents of the opening tag
have been processed. This includes
the name of the tag and any attributes
it might have.

« endElement: Signals the end of an ele-
ment.

« characters: Contains character data
that is the actual value associated
with a tag.

The sample code presented here uses
the XML4J parser available from IBM.
However, the code isn't dependent on
any particular parser implementation as
it strictly conforms to the SAX API as rec-
ommended by the W3C specification.

XML filtering is done in two phases.
In the first phase an XMLFilterDescrip-
tor (see Listing 3) object is created using
the XML document supplied by the
client. XMLFilterDescriptor parses the
XML document using SAX API. The
startElement event handler converts the

ST - il

conpany. xm

FIGURE 2 Registration and information exchange sequence

XML tags into fully qualified tag strings
and stores them. A fully qualified tag
string is a concatenated string of the
tags that have been encountered from
the document root through the current
tag. A fully qualified tag string is
required to differentiate between tags
that have the same name in an XML
document but a different meaning. For
example, as shown in Listing 1, <high>
included within the <january> tag is dif-
ferent from <high> within the <febru-
ary> tag. A fully qualified tag name will
appear as .companyList.company.per-
formance.january.high.

In the second phase an XMLFilter
(see Listing 4) object is created that
parses the server XML document. The
startElement event handler converts
the XML start tag to a fully qualified tag
string. This tag string is then searched in
the XMLFilterDescriptor object, and if
found, indicates a tag that is of interest
to the client. All the associated attribut-
es and their values are then sent to the
client after formatting them as XML.
The actual value associated with the
tag, if any, is sent to the client by the
Characters event handler. An end tag is
sent to the client by the endElement
event handler.

<?xm version="1.0" encodi ng="UTF-8"?>

<conpanylLi st >
<company ticker="XYZ">

<nane>Next gen Aerodynami cs |nc</nane>

Registration and Information
Exchange Protocol

Figure 2 shows the simple protocol
used by the client and XML server. The
client registers with the XML server
specifying the information of interest.
This information is an XML document
that is actually a subset of the XML doc-
ument available from the XML server.
The Stock Quote application uses stock-
quote.xml (see Listing 2) to register with
the information provider. The client
receives a registration context after a
successful handshake with the server.

The client makes a request to the
XML server for information specifying
the registration context. The XML serv-
er fetches the XMLFilterDescriptor
object corresponding to the registra-
tion context, then filters the XML docu-
ment using the XMLFilter object. The
filtered XML document is then sent
back to the client.

The code presented here shows how
an HTTP client (see Listing 5) may com-
municate with a Java servlet-based serv-
er (see Listing 6) using a tunneling
mechanism.

(In an actual implementation for a
Stock Quote application it may be a bet-
ter approach for the XML server to call
back the client whenever it receives a
stock update. This eliminates the peri-
odic data requests the client application
makes to the XML server.)

Conclusion

Without a doubt, using an XML filter
provides a loose coupling between the
XML server and its clients. New clients
may come and older clients may go with-
out requiring the server for a code
change. This is particularly helpful in a
business-to-business environment where
new alliances are continuously formed
for increased market presence. {4

<prevcl ose>130. 45</ prevcl ose>
<vol unme>12, 500</ vol une>
<open>130. 00</ open>

<bi d>123. 50</ bi d>

<ask>124. 75</ ask>

</ quot e>

<addr ess>2355 Lakeside Pkwy Al pharetta GA</address>

<phone>(678) 393- 9090</ phone>

<of fi cer>John B. Engl and</officer>
<officer>diff Anderson</officer>

<of ficer>Bill

<quot e>
<l asttrade>
<tinme>11:40 AMK/time>
<price>123. 25</ pri ce>
</l asttrade>
<change>10. 75</ change>

G ahanx/ of fi cer >
<of fi cer>Roger Smith</officer>

<per f or mnce>

<j anuary>
<open>120</ open>
<cl 0ose>110</ cl ose>
<hi gh>130. 50</ hi gh>
<l ow>90. 45</ | ow>
<vol ume>60, 000</ vol ume>

</january>

<f ebruary>
<open>130</ open>
<cl 0se>120</ cl ose>
<hi gh>160. 50</ hi gh>
<lI ow>80. 45</ | ow>
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</ february>
</ per f or mance>
</ conpany>
</ conpanyLi st >

_usine B

st ockquot e. xnl
<?xm version="1.0"?>
<conpanylLi st >
<conpany ticker=" ">
<nane/ >
<quot e>
<l asttrade>
<pricel/>
</l asttrade>
<bi d/ >
<ask/>
</ quot e>
</ conpany>
</ conpanyLi st >

| ustinG K3

XMLFi | terDescriptor.java
package XM.Filter;

inmport java.io.*;
inmport java.util.*;
inport org.xnl.sax.*;

public class XM.FilterDescriptor extends Handl er Base

public XM.FilterDescriptor(String saxDriver)
{

_tags = new Hashtabl e();

_tagStack = new Stack();

_tagStack. push("");

_saxDriver = saxDriver;

}

bool ean parse(String xni Docunent)
{

try

{

Cass ¢ = Cass. forName(_saxDriver);
Parser parser = (Parser)c.new nstance();
par ser. set Docunent Handl er (thi s);

par ser. par se(xm Docunent);

catch (Exception e)

{
return fal se;

}

return true;
}
bool ean parse(lnputStreamis)
{

try

{

Cass ¢ = Cass.forName(_saxDriver);
Parser parser = (Parser)c.new nstance();
par ser. set Docunent Handl er (t hi s);
par ser. parse(new | nput Source(is));

catch (Exception e)

return fal se;

}

return true;

}

public void startEl ement(String name, AttributeList amap)
throws SAXException

String element = (String) _tagStack. peek();
String newEl ement = element + "." + nane;

}

_tagStack. push(newkl emrent ) ;
_tags. put (newkEl enent, newkl enent);

public void endEl ement (String name) throws SAXException

_tagSt ack. pop();

}

St ack _tagStack; // Builds Fully Qualified Tag
Hasht abl e _tags; /1 Stores Fully Qualified XM tags
String _saxDriver;

}

| ListinG 28]

XM.Filter.java
package XM.Filter;

import java.io.*;
import java.net.URL;
import java.util.*;
inport org.xnl.sax.*;

public class XM.Filter extends Handl er Base

public XM.Filter(String xm Docunent,
filterDesc,

{

}

XMLFi | t er Descri pt or
String saxDriver)

_xm Docunent = xni Docunent ;
_filterDesc = filterDesc;

_saxDriver saxDriver;
_tagStack = new Stack();
_tagStack. push("");
_validTag = fal se;

void setPrintWiter(PrintWiter pw)

{
}

_pw = pw,

voi d execute() throws Exception

Cass ¢ = Cass.forName(_saxDriver);
Parser parser = (Parser)c.new nstance();
par ser. set Docunent Handl er (t hi s);

par ser. parse(_xni Docunent) ;

}
public void startDocunent() throws SAXException
{
_pw.println("<?xm version=\"1.0\" encodi ng=\"UTF-
8\"2>");
}

public void startEl ement(String name, AttributeList amap)
throws SAXException

{

String element = (String) _tagStack. peek();
String newkl ement = elenment + "." + nane;

_tagSt ack. push(newkl enment ) ;
if (_filterDesc._tags.containsKey(newkl ement))

StringBuffer tag = new StringBuffer("<");
t ag. append(nane);

for (int i =0; i < amap.getlength(); i++)
{

tag. append(" ;

tag. append(anap. get Nane(i));

tag. append(" ="

tag. append(anap. get Val ue(i));

(
(
(
tag. append(
(
tag. append(
}

tag. append(">");
_pw.printlin(tag.toString());
_validTag = true;

el se

{
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_validTag = fal se;
}
}

public void endEl ement (String name) throws SAXException

String endEl ement = (String) _tagStack. pop();
if (_filterDesc._tags.containsKey(endEl ement))

{

_pw.printin("</" + name + ">");

}
public void characters(char[] ch, int start, int Iength)
throws SAXException

{

if (_validTag)

{

_pw.println( new String(ch, start, length));

}
}
private Stack _tagStack;
private bool ean _val i dTag;
private String _xm Docunent ;
private XM.FilterDescriptor _filterDesc;
private PrintWiter _pw
private String _saxDriver;

}
| ustiv B 1

XM.Client.java
package XM.Filter;

inmport java.io.*;
inport java.net.*;

public class XM.Client

{
public XM.Client(String url)
{
_url = url;
}
public static void main(String[] args)
XM.d i ent stockQuotedient =
new XM_.Client("http://Iocal host: 8080/ servl et/ XM.Ser v-
er");
/] Register Wth XM Server.
String context = stockQuoteCdient.register();
/1 Request Data from XM. Server.
st ockQuot ed i ent . request Dat a( cont ext ) ;
}
public String register()
URLConnection connection = null;
try
{ .
URL url = new URL(_url + "?register");

connection = url.openConnection();

connection. set UseCaches(fal se);

connection. set Request Property(" CONTENT- TYPE",
tion/octet-streant);

connection. set Dol nput (true);

connect i on. set DoQut put (true);

"appl i ca-

PrintWiter
Strean(), true);

Buf f er edReader br =
er("stockquote.xm"));

pw = new PrintWiter(connection. getQutput-
new Buf f er edReader (new Fi | eRead-
/1 Send the XML docunent.

String xm String;

while((xm String = br.readLine()) != null)
{
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pw. println(xm String);
pw. cl ose();
br.close();

/] Recv Registration Context.
br = new BufferedReader (new I nput St reanReader (connec-

tion.getlnputStream)));

String context = br.readLine();
br.close();

return context;
catch (Exception e)
Systemout. println("Exception:

"ote);

}

return null;

}

public void requestData(String context)
{

URLConnection connection = null;

try
{

URL url = new URL(_url + "?context=" + context);

connection = url.openConnection();
connection. set UseCaches(fal se);

connect i on. set Request Property(" CONTENT- TYPE', "applica-

tion/octet-streant');

connection. set Dol nput (true);
connection. set DoQut put (true);

Buf f eredReader br = new Buf f er edReader (new | nput Stream

Reader (connection. get I nput Strean()));

}

PrintWiter pw = new PrintWiter(Systemout, true);
/] Recv XM Docunent.

String xm String;

while((xm String = br.readLine()) != null)
{

pw. println(xm String);
pw. cl ose();
br.close();

catch (Exception e)

{
Systemout. println("Exception: " + e);
}
}
String _url; // URL of XML Server.

SIS o il

XM.Ser ver . j ava
package XM.Filter;

i nport
i mport
i mport
i mport

public

{

javax.servlet.*;
javax.servlet.http.*;
java.io.*;
java.util.*;

class XM.Server extends HttpServlet
public void init(ServletConfig config) throws ServletException
{

super.init(config);

_cont ext Tabl e = new Hashtabl e();

_saxDriver = "comibm xnl . parser. SAXDriver";
_clientCounter =1,
_xm Docunent = "conpany. xnm";

}



public void service(HttpServl et Request request, HtpServle-

]
t Response response)
| throws ServletException, |COException
{

try

{
response. set Cont ent Type("text/htm");

String context = null;

if (request.getParanmeter("register") != null)
{
regi sterdient(request, response);
}
else if ((context = request.getParanmeter("context"))
= null)

sendXM.Docunent (cont ext, request, response);

}

cat ch(Exception e)

www.SYS-CON.com | !

synchroni zed void registerCient(HtpServl et Request
request, HttpServl et Response response)
throws Exception

{

/'l Generate a Unique Context
String context = "Context" + _clientCounter++ ;

/1 Generate an XM.FilterDescriptor

/'l and associate w th Context

XM.FilterDescriptor filterDesc = new XM.FilterDescrip-
tor(_saxDriver);

if (filterDesc.parse(request.getlnputStrean()))

_cont ext Tabl e. put (context, filterDesc);

}

/1 Send back the Context

PrintWiter pw = new PrintWiter(response. getQutput-
Streanm(), true);

pw. println(context);

voi d sendXM.Docunent (String context, HttpServletRequest
request, HttpServl et Response response)
throws Exception

Subscribe t the Finest Technica XVLFL o Descr iptor 1 ii‘f’ o1 Dosc = (XVLFI| e Descr 1 ptor)
Journals in the Industry! o erose = )
{ return;
}

/1 Filter the XML Docunent using XM.FilterDescriptor

XWMLFilter xm Filter = new XWM.Filter(_xm Docunent, fil-
terDesc, _saxDriver);

xm Filter.setPrintWiter(new PrintWiter(response.getQut-
put Strean(), true));

xm Filter.execute();

}

private Hashtable _contextTable;
private static int _clientCounter;
private String _saxDriver;
private String _xni Docunent ;
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——J wrimEn sy JAMES A, BRANNAN ————

sing XML with XSL doesn't mean you have to eschew your
favorite server-sided scripting language for XML/XSL. XML data islands
offer you the best of both worlds.

XML data islands are a powerful technique for embedding XML data
in HTML documents. Internet Explorer 5 (IE5) is currently the only
browser supporting them. However, you can still enjoy the flexibility of
XML data islands if you process the XML on your server and insert the
resulting HTML into your server page. I'll demonstrate this technique
using Active Server Pages (ASP) and a C++ Active Template Library (ATL)
component. I'll assume the reader has a basic understanding of XML,
XSL and Microsoft’s XML parser. I'll explain the C++ component in gen-
eral terms that should be understandable to non-C++ programmers.
Although I'm using Microsoft technologies, the concept of XML data
islands is relevant regardless of the platform.

As the complexity, importance and size of Web applications increase,
design issues become increasingly critical. A dominant strategy is a
three-tiered architecture — dividing the application into display, business
and database layers. Typically the display layer consists of cascading
stylesheets, HTML documents and dynamic scripting pages such as ASP,
JavaServer Pages (JSP) and ColdFusion. The business layer consists of
server-sided scripting pages and, frequently, components such as COM
objects or Java servlets. The database layer consists of the database, asso-
ciated stored procedures and database-related components.

Three-tiered strategies often break down in practice. A single server-
sided scripting page or component often combines display logic with
both business and data logic. For example, an ASP page that gets and
transforms data, then formats its display — all in one page - is all too
common. This combination of logic (a two-tiered design) is often prob-
lematic. It’s usually harder to debug and distinguish what the different
code is doing in a two-tiered application. These applications are also not
as scalable and require increased regression testing every time the code
changes.

XML and XSL address this problem. Display logic is contained in XSL
stylesheets. Business and database logic are contained in components
and/or server-sided scripting pages. The business logic is responsible for
getting XML, performing the necessary transformations and applying an
XSL stylesheet to the XML data. This separation results in applications
that are easier to debug, modify and maintain.

XML data islands are XML data embedded in HTML documents. IE5
can process an XML data island directly. JavaScript or VBScript combine
the XML and XSL stylesheets using IE5’s XML parser, MSXML. We can
also use MSXML on the server independent of IE5. After processing the
XML data on the server, we insert the area of data-driven HTML into an
ASP page. Using MSXML on the server enables us to use an ASP page
while using XML with XSL. The result of the XSL transformation on the
XML data isn't a complete HTML document, but rather an HTML docu-
ment fragment.

Consider a hypothetical Internet application for viewing a list of all
employees. This list needs to be formatted output for viewing in Web
browsers and handheld devices, as well as raw data so future applica-
tions can obtain it easily using HTTP. XML combined with XSL meets
these requirements. Obtaining different display formats is as easy as
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applying different XSL stylesheets to the XML data. Building a switch that
causes the ASP page to return XML only meets the requirement to expose
the raw data to other applications.

Architectural Overview

The class diagram in Figure 1 provides a logical overview of our site
and a better understanding of the components it is composed of. The
notation is Unified Modeling Language (UML) with Web application
extensions. The pages DeptListings and EmpDisplay_1/EmpDisplay_2
are displayed by the browser. EmpDisplay_1 and EmpDisplay_2 are
actually the same page as EmpListing, but we model them separately
due to the dynamic nature of server-sided scripting pages. These pages
have two lives. Their first is on the server (EmpListing) and their second
is in the client’s browser (EmpDisplay_1 and EmpDisplay_2). The further
distinction between EmpDisplay_1 and EmpDisplay_2 illustrates that
for IE5, EmpDisplay_2 needs to contain two <xml> tags, a <div> tag and
a large block of JavaScript to transform the XML (transform.js).

FIGURE 1 Class diagram of our application

Dynamic Overview
The sequence diagram in Figure 2 illustrates the sequence of mes-
sages in our application; it provides a high-level overview of the mes-
sages passed among the different elements. As the diagram illustrates,
first DeptListings calls EmpListing; then, with the help of xmlparser,
EmplListing is built. It’s built differently depending on whether XML or
HTML was requested. Then it’s sent to the browser. We break down
EmpListing’s processing in the following steps:
1. Dimension any variables needed and instantiate the xmlparser com-
ponent.
2. Determine if the URL parameter indicates rawxml or html.
3. If rawxml, call xmlparser.getData and output the results (XML).
4. If not rawxml, determine if the browser is IE5.
5. If not rawxml and not IE5:
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FIGURE 2  Sequence diagram of our site

—Include the header

—Call xmlparser.getData, making sure to pass the XSL template and
the DTD (Document Type Definition) path, and write the processed
results to the browser.

—Include the footer.

6. If not rawxml and IE5:

—Write the JavaScript needed to process the XML data island to the
browser.

-Write a body tag with an onLoad method that calls the JavaScript
function.

—Include the header.

—Call xmlparser.getData and place the results in a variable in
EmpListing.

—Place the opening tag <xml id="xmldata”> and closing tag </xml>
around the XML.

—Add the opening tag <xml id="xsldata” src="ourpath”> and closing
tag to the end of the variable.

—Write the variable to the browser.

—Include the footer.

Essentially, if the user isn't using IE5, get HTML from the XML com-

ponent; otherwise put both the XML data and the XSL template in <xmlI>
tags and include a JavaScript function. This function uses the two <xml>

EE 1 is506e5

tags to transform the data and display it in a <div> tag using the <div>
tag’s innerHtml property.

There are several techniques for transforming data from a database
into XML. If using ADO 2.1, we can use the save method of a recordset
and persist it as XML. If using ADO2.5, we can write the ADO output
directly to the output stream as XML. However, both solutions tie us to
Microsoft’s view of how XML data should appear (Microsoft's XML
Reduced Data Schema Format). Two more general techniques are: (1)
build the XML DOMDocument node by node or (2) create a large XML
string and load it into an XML DOMDocument.

There are benefits to both solutions. In the first one we instantiate an
XML document and build it. Building the document directly gives us
access to all the XML DOMDocument’s methods. However, instantiating
the XML DOMDocument object and all its subobjects can be costly. As
reported on MSDN by Chris Lovett, program manager for Microsoft’s
XML team, Microsoft’s own tests demonstrate that loading a string is
“roughly five times faster” than building a document node by node. In
our design, if the user has IE5 there’s no reason to instantiate a DOM-
Document on our server at all. Only when the client requests formatted
output and doesn’t have IE5 do we instantiate an XML DOMDocument,
load the XML string and transform it. For these performance reasons we
chose the later technique.

The xmlparser component gets the XML and transforms it. This
process is summarized in the following steps:

. Declare and initialize any needed variables.
. Get the recordset (for example, ADO).
. Allocate enough space for a large data string (the XML).
. Begin the XML string (including a reference to the DTD).
. Repeat for each record:
—Append record opening tag to XML string.
—Repeat for each field:
—Append field opening tag to XML string.
—Append field data to XML string.
—Append field closing tag to XML string.
—Append record closing tag to XML string.
. Close the XML string.
. Determine if XML or HTML is to be returned.
. If XML, return the XML string.
. IfHTML:
—Instantiate the XML/XSL parser (for example, MSXML.DLL).
—Ensure the XML parser is set to validate the XML with our DTD.
—Load the XML.
—Load the XSL template.
—Process the XML with the XSL.
—Return the transformed data.
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The server-sided scripting page is the “glue” that holds our applica-
tion together. It inserts any other files needed (such as headers and foot-
ers), instantiates our component, passes the required parameters to it,
then inserts the output. The component that transforms the ADO to
XML and the XSL stylesheet does most of the work.

Implementation
In this example we use ASP, a C++ ATL COM component and Microsoft’s
XML parser, MSXML. Our C++ component uses ADO and MSXML via the

Dapeartimants

.

FIGURE 3 The site’s datahase
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#import statements (see Listing 1). Our data is from a simple two-table
Access database (see Figure 3) with an ODBC connection named employees.

XML Component Implementation

Neither scripting languages nor Visual Basic handle string concatena-
tion very efficiently. However, a Visual C++ ATL component that preallo-
cates the space needed for the XML string will be fast. We implement xml-
parser using C++. Listing 2 shows our component’s primary method. The
ATL wizard-generated IDL code isn't listed. Our method?’s signature is:

get Dat a( BSTR *pConnecti on,
*pXsl Tenpl at ePat h,
BSTR *pTranf or nedDat a)

BSTR *pQuery, BSTR *pDTDPath, BSTR

Note that *pTransformedData is the return data, not an input para-
meter. Our method takes a connection to an ODBC data source, the
query, and the paths to the XML DTD and the XSL stylesheet.

We implement the code in Listing 2 as envisioned earlier. Even with-
out a solid understanding of C++, you should be able to get the gist of
what the method is doing: getting an ADO recordset, looping through
that recordset and creating an XML string (using the string template in
the Standard Template Library). If the method returns XML, the line:

*pTransfornmedData = SysAllocString(wstrXm String.c_str());

is executed and XML is returned. If the method returns HTML, the string
and the XSL template are loaded into XML DOMDocument objects, the
XSL transforms the XML and HTML is returned. Since we're using a DTD,
we turn on validation with the code:

SpXm Docurnent - >put _val i dat eOnPar se(t rue)

The error-handling skeleton code is included but not implemented.

Our use of MSXML is “low-rent.” Although MSXML has a rich object
hierarchy, we used only two: the top-level object (DOMDocument) and
the parseError object. We needed to use only six methods. The method
put_validateOnParse ensures the parser validates the XML with the
DTD. The XML string is loaded via the LoadXML method. The XSL
stylesheet is loaded using its path and the Load method. The code also
uses the get_parseError and get_errorCode to check for any errors after
the XML and XSL are finished loading. If there are no errors, the line:

*pTransfronedData = SysAll ocString(spXm Docunent - >
transf or mMNode( spXsl Docunent))

uses the DOMDocument containing the XSL, transforms the XML to the
desired output and writes it to pTransformedData.

Active Server Page

Listing 3 contains the implementation of DeptListing, and Listing 4
contains the implementation of EmpListing. First, any needed variables
are dimensioned and we instantiate our XML processing component
(xmlparser.dll). If we need only XML returned to the browser, then the
processing consists of:

Response. Wi te(xm Processor. get Dat a(" enpl oyees",
"Listing.dtd", "rawxn"))

cstr(strQuery),

where employees is the DSN, strQuery is the SQL query statement, list-
ing.dtd is the DTD and rawxml indicates we want XML returned. If the
user wants XML we're finished.

If the user wants HTML, we must do more processing. First, deter-
mine if the user’s browser is IE5. If it is, use the following code to write
the necessary data, since IE5 can process XML data islands directly:

<% f instr(Request.ServerVariabl es("HTTP_USER AGENT"),
0 then %

"MBIE 5.") >
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<SCRI PT LANGUAGE=j avascript src="transformjs">
</ SCRI PT>
<body onlLoad="transformXm ();">

and

<div id="xsl Target"></div>

<xm id="xmdata">
<%
Response. write(xni Processor. get Dat a("enpl oyees", cstr(strQuery),
"Listing.dtd",
"rawxm "))
%
</ xm >
<xm id="xsldata" src="listings.xsl"></xn>

I’ll discuss the JavaScript page, transform.js, later. For now, all we need
to know is that it contains a function called transformXML, which converts
the XML data contained in <xml id="xmldata’></xmldata> to HTML
using the XSL stylesheet in <xml id="xsldata src="listings.xslI”’></xml>,
and writes it to the innerHTML of the tag <div id="xsITarget”>. Both the
text between the <xml> tags and the text contained in the page indicated
by the src attribute are treated as XML by IE5.

If the user’s browser isn't IE5, the ASP page includes the header and
the footer, maps a path to the XSL template and calls the getData
method of xmlparser:

strXsl Tenpl ate = server.MapPath ("listings.xsl")
Response. write(xnl Processor. get Dat a( " enpl oyees",
cstr(server. mappat h("Listing. dtd")),

cstr(strQuery),
cstr(strXsl Tenplate)))

Rather than passing rawxml as a parameter, EmpListing passes the
XSL stylesheet path to xmlparser. The component xmlparser transforms
the XML to HTML and returns the results.

JavasScript for IE5

Listing 5 contains the code for transform.js. This code applies the XSL
stylesheet to the XML data island (when the user’s browser is IE5).
Although | don't explain MSXML’s error handling, | include the code
needed to handle errors. The statement:
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FIGURE 4  Resulting XML from our component



result = xnidata.transfornNode(xsl data. XM.Docunent ) ;
transforms the XML with the XSL, and the statement:
xsl Target.innerHTM. = result;

inserts the results into the <div> tag. Note that the try/catch block is IE5-
specific JavaScript.
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FIGURE 5  Error message when DD doesn’t match XML

XML Data and DTD

The resulting XML is shown in Figure 4. The root tag is <records>.
Each ADO record becomes an XML <record> and each ADO field is a
child element of <record>. Our application uses a DTD for a practical
reason: specifying the DTD in Listing 6 ensures that MSXML catches
changes to the database or query. The line:
<I'ELEMENT record (nane, sex, deptnane, salary)>
ensures that each record contains a name, sex, deptname and salary
child element. For example, as shown in Figure 5, the DTD code:
< ELEMENT record (nane, test, sex, deptnane, salary)>
combined with an XML record that contains name, sex, deptname and
salary (but not test) causes MSXML to throw an error because the XML
doesn’t have a <test> element and the DTD requires it. The DTD helps
keep the configuration of the database/queries and the XSL templates in
sync. Note that there’s a performance penalty for validating an XML

dataset.

XSL Stylesheet

The XSL stylesheet (see Listing 7) applies formatting rules to XML
that result in the desired display. Our stylesheet contains multiple tem-
plates, indicated by the tag <xsl:template match="matchingnode”>.
Our main template, <xsl:template match="/">, matches our docu-
ment’s root element. Inside that template we call a second template
when <records> is matched. Since the XML data set has one <records>
tag, we apply the second template once. Inside the records template we
loop through each record using the statement <xsl:for-each
select="record”>.

For each record we build a table row containing five table cells. Two
of the cells contain data obtained from the XML data set using the
<xsl:value-of> tag. The third cell applies a template to salary. This tem-
plate contains an <xsl:eval> statement. The JavaScript that’s inside the
<xsl:eval> tag formats the node if it isn’t blank:

EE 1 is506e5

<xsl:tenplate match="sal ary">
<xsl:eval > f (this.text !=""
"#, ##0. 00"); </ xsl : eval >
</xsl:tenpl ate>

) formatnunber (this.text,

Odd and even rows have a different background color. The code:

<xsl:script>
<I[CDATA[ function even(e) {return absol uteChildNunber(e)%==0;}]]>
</ xsl:script>

and

<tr>

<xsl : choose>

<xsl :when expr="even(this)">

<xsl:attribute nanme="hgcol or">#9999cc</xsl : attri bute>
</ xsl : when>

<xsl: ot herw se>

<xsl:attribute name="bgcol or">#ccccff</xsl:attribute>
</ xsl : otherw se>

</ xsl : choose>

accomplishes this coloring. The function even returns true or false
depending on whether the number is even. This function is called by the
conditional statement <xsl:when expr=“even(this)”> inside the
<xsl:choose> block. The parameter “this” refers to the current node,
<record>. The JavaScript function then uses the absoluteChildNumber
property of the XML DOMDocument to determine if the current node is
odd or even. The attribute bgcolor is added to the <tr> tag and the trans-
formed tag becomes either:

<tr bgcol or="#9999cc" >
or

<tr bgcol or="#ccccff">
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FIGURE 6  Result of XSL transformation of XML

Conclusion

The resulting output is illustrated in Figure 6. We breezed over quite
a few concepts, and | didn’t discuss how to program in C++ or write an
XSL template. Rather, | focused on a practical example of what you can
do with these technologies. Table 1 lists numerous online resources that
expand on the architecture and technologies presented.

Data islands are a great way to implement XML in your site. They
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ATL Components with Visual C++

HOWTO: Create ATL COM Objects

Dr. GUI and ATL

Agility in Server Components

ADO in ATL Components

Much ADO About Data Access

How Visual C++ Users Should Read
the ADO Documentation

INFO: Using ActiveX Data Objects

(ADO) via #import in VC++

ADO in your ATL Component

MSXML.DLL Implemented with C++

C++ Example Code

A Flying Start to Programming
IES/XML using C++ & COM

General Architecture and
XML/XSL Articles

The Two-Tier Web Problem

Construct Your E-Commerce
Business Tier the Easy Way with
XML, ASP, and Scripting

Ten Best Bets for XML Applications

ArchitectureX: Designing for XML

Introduction to DOM

XML in a Three-Tier Environment

When Do You Adopt XML?

Should | use SAX or DOM?

The Data Melting Pot: Building a
Business-to-Business
Application with XML

Modeling ASP Applications with UML

XML

Generating XML From ADO
Recordsets

XML at Work: ColdFusion and
Microsoft's XMLDOM Object

Which is Faster — Loading a DOM
or Loading a String?

XSL

XSL The Extensible Style Language

Chapter 14 of the XML Bible:
XSL Transformations

Enhancing XSL

Transform Your Data with XSL

TABLE 1 Online XML, XSL and ATL COM references

enable you to use server-sided scripting languages with the power of
XML and XSL. The resulting output of XML and XSL is simply an HTML
document fragment that’s stuck in an ASP page. Localizing display
logic to an XSL template avoids many of the difficulties associated with
two-tiered Web design. Finally, allowing a page to have a “switch” that
causes it to return only XML makes the page’s data easily accessible to
other applications. ¥

Reference
C++ ATL Component Tutorial: www.asptoday.com/articles/20000824.htm

James A. Brannan is a consultant specializing in Internet programming in the
Washington, DC, metropolitan area. He is also pursuing a
master’s degree at the University of Maryland.
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/linclude the string standard tenmplate library
#include <string>

usi ng namespace std;
/linport both ADO and XM. parser

#import "c:\program fil es\comon\system ado\ nsado15.dl "
no_nanespace rename("EOF", "adoEOF")

#inport "c:\w ndows\system msxm . dl "
renanme_nanespace("xm ")

ustine 23 T

STDVETHODI MP Cxmi Dat aSet : : get Dat a( BSTR *pConnect i on,
*pQuery,

BSTR *pDTDPat h,

BSTR *pXsl| Tenpl at ePat h, BSTR *pTransf or medDat a)

/ldeclare the recordset pointer,

field pointer
_Recordset Ptr pRs;
_ConnectionPtr pCn;
Fiel dPtr spField;
_variant _t vtEnpty;
//declare an xml document smart pointer for the xn

//the xsl

styl esheet al so

connection pointer,

declare an error pointer

xm :: 1 XM.DOVDocunent Pt r spXm Docunent ;
xm :: 1 XM.DOVDocunent Ptr spXsl Docunent ;
xm :: 1 XM.DOVPar seErrorPtr spXm Error;

[ I'number of fields
I ong | ngFi el dCount ;
[Ithe iterator for the fields
long | nglndex = 0;

/lvariable for

HRESULT

HRESULT hr = S O
//string to hold the xm string being generated
basi c_stri ng<WCHAR> wstrXm Stri ng;

/1the connection DSN name
CConmBSTR cchstr Connecti on;

//the SQ query
CConBSTR cchstrQuery;

/1the xsl

tenpl ate path

CConBSTR cchstrTenpl at e;

{

try

//set the variables

cchbst r Connect i on. Append(*pConnecti on) ;
cchstrQuery. Append(*pQuery);

cchstrTenpl at e. Append(*

pXsl Tenpl at ePat h) ;

BSTR

and

/l*********** get the recordset kkkkhkkkkkkhkkkkkkkk
pCn. Cr eat el nst ance( _uui dof (Connection));
pRs. Cr eat el nst ance( _uui dof (Recordset));

pCn- >Cpen(ccbstrConnection. mstr, L"", L"", -1);
pRs = pCn->Execute(cchstrQuery. mstr, &vtEnpty,
adCrdUnknown) ;

I ngFi el dCount = pRs->Fi el ds->Get Count ();
//*********** create the Xm strlng kkkkkkkkkkkkkk
/Ireserve large block of nemory for
/'appending without reallocating menory
wstrXnl String.reserve(8500 * sizeof (WCHAR));

/Ibegin the xm string
wst rXnl String.

al one=\"no\"?>");

wst rXnl String.

wst rXml String.

wst rXml String.

wst rXm String.

pRs->MoveFirst();

whi | e(! (pRs->adoECF))
{

append

wstrXm String. append(L"<record>");

for (Inglndex = 0;

| ngl ndex++)

{

I ngl ndex < I ngFi el dCount;

append(L"<?xm version=\"1.0\" stand-

append(L"<! DOCTYPE records SYSTEM\"");
(*pDTDPat h) ;

append(L"\">");

append(L"<records>");

spFi el d = pRs->Fi el ds->Get | ten(l ngl ndex) ;
wstrXnl String. append(L"<");
wstrXnl String. append(_wesl wr (spFi el d- >Get -

Nare()));
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wstrXm String.append(L">");
if (spField->GetActual Size() > 0)

wst r Xm String. append(_bstr _t (spFiel d-
>Get Val ue()));

wstrXm String. append(L"</");
wstrXm String. append(_wcsl wr ( spFi el d- >Get -

wstrXmt String. append(L">");

wstrXm String. append(L"</record>");
spFi el d. Rel ease();
pRs- >MoveNext () ;

wstr X String. append(L"</records>");
pRs->C ose();

pCn->C ose();

if (ccbstrTenplate == L"rawxm ")

{
*pTransformedData = SysAllocString(wstrXn -
String.c_str());
}
el se
{
long | ngErrorCode = 0;
spXn Docunent . Cr eat el nst ance( _uui dof (xm : : DOVDoc-
unment));
spXm Docunent - >put _val i dat eOnPar se(true);
spXm Docunent - >l oadXM_(wstrXm String.c_str());
spXm Docunent - >get _par seError (&pXm Error);
spXm Error->get_errorCode( & ngError Code);
if(IngErrorCode !'= 0) throwspXm Error);
spXsl Docunent . Cr eat el nst ance( _uui dof (xni : : DOMDoc-
ument));
spXsl Docunent -
>| oad(_variant _t(ccbstrTenplate.mstr));
spXsl Docunent - >get _par seError (&pXn Error);
spXm Error->get _error Code( & ngError Code) ;
if (IngErrorCode !'= 0) throw(spXm Error);
pTransfornedData = SysAllocString (spXm Docu-
ment - >t ransf orm Node (spXsl Docunent))
spXm Docunent - >get _par seError (&pXm Error);
spXm Error->get _errorCode( & ngError Code);
if (IngErrorCode != 0) throwspXni Error);

}
} /lend of try block
catch(_comerror &e)

{
hr = E_FAIL;

}
catch(xm :: | XM.DOVPar seError Ptr spXm Error)

/1do error handling here using spXm Error's nethods
hr = E_FAIL;

}

catch(...)

/lcatch all
handl ers
hr = E_FAIL;

unspecified errors not caught by above two
error

return hr;

usting BB

<%@ Language=VBScri pt %

<HTM.>

<HEAD>

<TI TLE>Depart nents Listing</TITLE>

</ HEAD>

<BODY>

List Al Departments:&nbsp;

<a href="enpl oyees. asp?out put Type=r awxni " >raw XM.</ a>
&nbsp; &nbsp;
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<a href="enpl oyees. asp?out put Type=ht m " >HTM.</ a>
</ BODY>
</ HTM.>

stin SR

<%@ Language=VBScri pt %
<%
Di m xm Processor
Dim strQuery
Di m strXsl Tenpl ate
strQuery = "SELECT enpl oyees. Name, enpl oyees. sex,
ment s. Dept Name, enpl oyees. sal ary FROM
Departments | NNER JO N enpl oyees ON Departnents. Dept|D =
enpl oyees. Dept ;"
Set xm Processor = server. CreateChject("xm parser.xn -
dat aset")
if Request.QueryString("outputType") = "rawxnl" then
"if querystring indicates to return rawxm then do no pro-
cessing of xnl

Depart -

Response. wri te(xm Processor. get Dat a("enpl oyees", cstr(str-
Query), "listing.dtd", "rawxm"))
else %

<% 'otherwi se need to process the xml wth xsl stylesheet

%
<HTM.>
<HEAD>
</ HEAD>
<% f instr(Request. ServerVariabl es("HTTP_USER AGENT"),
"MSIE 5.") > 0 then %
<%'if IE5 then unload processing of xm onto client
browser %
<I-- script to process the xnl tags and wite output
to div tag -->
<SCRI PT LANGUAGE=j avascript src="transformjs">
</ SCRI PT>
<!-- when the page is |oaded call
method to transformxm -->
<body onLoad="transformXm ();">
<I--#include file="headerlnc.inc"-->
<h2 align="left">Listing of Al Enployees</h2>
<hr>
<l-- target of the resulting htm -->
<di v id="xsl Target"></div>

the javascript

<I-- wite out xm data to xnl data island --->

<xm id="xnl data">

<%

Response. writ e(xm Processor. get Dat a(" enpl oyees",
cstr(strQuery), "listing.dtd",

"rawxm "))

%

</xm >

<xm id="xsldata" src="listings.xsl"></xm>

<%l se%

<% 'process the xm wth the xsl on the server since
not ie5 %

<body>

<I'--#include file="headerlnc.inc"-->
<h2 align="left">Listing of Al Enployees</h2>
<hr >
<UstrXsl Tenpl ate = server.MapPath ("listings.xsl")
Response. wri te(xm Processor. get Dat a(" enpl oyees",
cstr(strQuery),
cstr(server.MapPath("listing.dtd")),
plate)))
end if%
<I-- some nore code to include after the xm data island
SEES
<hr>
<% Response. Wite("<br>The time is:
<I--#include file="footerinc.inc"-->
</ BODY>
</ HTM.>
<%nd if%

cstr(strXsl Tem

" & now()) %
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function transformXn ()
{
var result;
var errReason;
var blnLoad = true;
if (xmdata.parseError.errorCode != 0)

bl nLoad = fal se;

errorReason = xm dat a. parseError. reason;
xsl Target.innerHTM. = errorReason;

/lother error handling code inserted here

}
el se
if (xsldata.parseError.errorCode != 0)
{
bl nLoad = fal se;
errorReason = xsl data. parseError.reason;
xsl Target.innerHTM. = error Reason;
/lother error handling code inserted here
}
el se
{
try
{

result =
xm dat a. t ransf or mNode( xsl dat a. XM_Docurment ) ;
bl nLoad = true;

/lother error handling code inserted

here
}
cat ch(excepti on)
{
bl nLoad = fal se;
errorReason = xnl dat a. parseError. reason;
xsl Target.innerHTM. = errorReason;
/lerror handling here
}

}
}
if (blnLoad == true)

xsl Target.innerHTM. = result;

ustine T I

<?xm version="1.0"?>

<I ELEMENT records (record+)>

<I ELEMENT record (name, sex, deptname, salary)>
<! ELEMENT name (#PCDATA) >

<! ELEMENT sex (#PCDATA) >

< ELEMENT test (#PCDATA)>

<! ELEMENT dept nane (#PCDATA) >

<! ELEMENT sal ary (#PCDATA) >

ustine XTI

<?xm version="1.0"?>
<xsl:styl esheet xm ns:xsl="http://ww.w3.org/ TR WD xs| "
xm ns: oursite="http://ww.oursite.conf>
<xsl:tenplate nmatch="/">

<xsl:script>

<! [ CDATA[ function even(e) {return

absol ut eChi | dNunber (e) 9%2==0;}]]>

</ xsl:script>

<table w dth="90% border="1">

<tr>
<td>
<tabl e wi dth="100% border="0" cellspacing="0" cell-
paddi ng="5">
<xsl : appl y-tenpl ates select ="records"/>
</tabl e>
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</td>
</tr>
</tabl e>
</xsl :tenpl ate>
<xsl:tenplate match="records">
<tr>
<td>
<xsl:entity-ref nane="nbsp"/>
</td>
<t d>Nane</ t d>
<t d>Sex</t d>
<t d>Depart ment </ t d>
<td>Sal ary</td>

<t d>

<xsl:entity-ref name="nbsp"/>

</td>

<[tr>

<xsl:for-each select="record">
<tr>

<xsl : choose>
<xsl : when expr="even(this)">
<xsl:attribute
name="bgcol or">#9999cc</ xsl : attri but e>
</ xsl : when>
<xsl : ot herw se>
<xsl:attribute
nane="bgcol or ">#ccccff</xsl:attribute>
</ xsl : ot herw se>
</ xsl : choose>
<t d>
<xsl:entity-ref name="nbsp"/>
</td>
<td>
<xsl :val ue-of sel ect="nane"/>
<xsl:entity-ref name="nbsp"/>

</td>
<t d>
<xsl : choose>
<xsl:when test="sex[.='M]">

Mal e

</ xsl : when>

<xsl : ot herw se>
Femal e

</ xsl : ot herw se>

</xsl : choose>
</td>
<td>
<xsl:val ue-of sel ect ="dept nane"/>
<xsl:entity-ref name="nbsp"/>
</td>
<t d>
<xsl:apply-tenpl ates select="salary"/>
<xsl:entity-ref name="nbsp"/>
</td>
<td>
<xsl:entity-ref name="nbsp"/>
</td>
</tr>
</ xsl: for-each>
</ xsl : tenpl at e>
<xsl:tenplate match="sal ary">
<xsl:eval >if (this.text !=""
"#, ##0.00"); </ xsl : eval >
</ xsl : tenpl at e>
</ xsl: styl esheet >

) formatnunber(this.text,
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XMLParsinginC++

n my last article (XML-J, Vol. 1, issue 3) | made the case for using custom classes derived from XML Schemas to rep-
resent XML documents in C++ applications. That article focused primarily on the problems of generating XML documents
from program objects, and explained how custom classes have significant advantages over standards like DOM and SAX
in terms of performance, object orientation and maintainability of source code.
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and transaction
analysis software.
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Here I'll describe a unique methodol-
ogy for parsing XML data into C++ class-
es that provides all the object-oriented
benefits detailed in the first article, with
increased performance (compared to
traditional generic XML parsers).

The Problem with
Conventional Parsers

C++ programmers have been dealing
with parsing technologies for years.
Most of you remember writing simple
language parsers in school, and proba-
bly wrote the basic syntax parser in tools
like Lex and Yacc. So, for C++ developers,
the idea of a syntax parser isn't especial-
ly intimidating.

The basic grammar for XML is pretty
simple compared to a programming lan-
guage like C++ or Java, for example, but
there’s one problem unique to XML pars-
ing that is daunting: unlike conventional
programming languages, XML doesn't
have a fixed set of tags (i.e., keywords).
Imagine trying to develop a general-pur-
pose grammar for a programming lan-
guage with a user-defined set of keywords!

To solve the general problem of XML
parsing, it’s necessary to build a parser
that can be dynamically fed a list of tags
and rules for the specific dialect of XML
to be parsed. In the terminology of XML
standards, that means specifying an XML
Schema file to a DOM parser so that it
knows how to parse and validate the spe-
cific dialect of the input XML file.

If an application reads and writes a
variety of dialects of XML documents,

the DOM model is appropriate because
it doesn't require source code changes
for incremental support for a new
dialect of XML. This is typically the case
for integration broker applications, as
described in my last article, in which the
broker is reading, transforming and for-
warding all kinds of XML documents
within and between organizations.

However, as | also described, there's a
large class of applications in which only
a few types of XML are spoken and these
don’t often change. For these, the over-
head of DOM and the lack of applica-
tion-specific object orientation is a
major drawback.

Static Parsers Derived from
XML Schemas
Just as it’s beneficial in some environ-
ments to derive C++ classes from XML
Schemas for writing XML documents, it
can also be beneficial to derive classes to
read XML documents from schemas.
The typical process for creating a lan-
guage parser in C++ is to hand-code the
Lex rules and Yacc grammar, then gener-
ate the Lexer and parser from these XML

dialect-specific input files (see Figure 1).

This process is tedious, however, and
must be redone for each dialect of XML
that your application needs to parse.
While doable, the same logic that you'd
hand-code in the rules and grammar is
already encapsulated in the XML Schema
file. A more efficient approach is to devel-
op a translation program that can con-
vert the XML Schema file into the equiv-
alent Lex rules and Yacc grammar for the
XML dialect (see Figure 2).

The example project in Listing 1
shows a generated grammar for a sam-
ple XML DTD file called acmepc.dtd.
You'll see the generated Yacc input in
acmepcxml_parser.y and the Lex input
in acmepcxml_lexer.l. All the classes and
parser for this project are contained in
the C++ namespace acmepcxml.

Using the generated custom parser is
simple. Just create an instance of the
acmepcxml:XMLImporter class, initial-
ize it with its Initialize() member and
import the XML data into the schema-
derived classes with the ImportFrom-
File() member. The importer exposes a
base class root node of the class tree via
the GetXObject() member. This base
class is then dynamically cast back to the
acmepc class that contains the context
of the specific XML dialect defined by the
acmepc.dtd schema (see Listing 1).

XML Dialect-Specific

Grammar

Lex/Yacc

ustom Parser

the XML Diale

FIGURE 1 Creating a custom parser from hand-coded Lexer rules and parser grammars

www. XML-JOURNAL com



Schema to
Parser
Grammar

v Translator

XML Dialect-Specfic
Generated Parser
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FIGURE 2 Creating a custom parser derived from XML Schema

Advantages of Custom
Parser Approach

There are four primary advantages to
creating a custom parser rather than
using a generic parser like DOM.

1. First and foremost, it's fast. I've run
benchmarks that show the custom
parser to be up to three times faster
than the fastest DOM parser | can find
while also having a smaller in-memory
footprint. The primary reason it’s so
much faster than DOM seems to be that
it doesn’t have to do dynamic validation

of the XML input. Instead, validation is
enforced by the automata generated by
Yacc from the input files, which are
derived from the XML Schema.

. The generated parser can integrate

tightly with the derived classes de-
scribed in my previous article. There is
no two-step process of parsing into the
DOM hierarchy, then populating classes
from the DOM data structures. The cus-
tom parser creates the schema-derived
classes directly, without the need for the
intermediate step. The generated parser
can also integrate tightly with frame-
work technologies you might be using,
such as STL and MFC class libraries.

. You get all the source code to the com-

ponents that link into your application.
By using the GNU-licensed Flex and
Bison tools, the output source code will
run on virtually every operating system
imaginable. I've been very successful,
for example, in running Flex and Bison
on Windows NT and using the output
C/C++ code on a variety of platforms
with no necessary source code changes.

. The final advantage, and the coolest

of all, is that using Lex and Yacc
enables you to handle those pesky
XML entities more easily. | use this
feature to automatically expand enti-
ties on input so my program doesn’t
have to worry about them. XML enti-

ties can be preprocessed just as a
macro is preprocessed by a compiler
when parsing a C input file. The class
instances created by the custom pars-
er contain data with entity references
fully expanded. | can't stress enough
the amount of headaches this little
feature can save you when dealing
with documents with lots of entities.

Conclusion

While XML processing may be new to
the C++ community, the skills and tech-
nologies that have matured over the last
decade in this community can still be very
useful in handling XML data formats. In
my last article | described the benefits of
deriving C++ class definitions from XML
Schemas. Here, I've gone a bit further to
show how to derive parser grammars for
XML dialects from the XML Schema.

As the XML Schema standard nears
acceptance, there will be many other
opportunities to reuse the work of
schema designers to automatically
derive programming source code, rela-
tional database schemas and other arti-
facts that otherwise would have to be
coded by hand. C++ developers should
look for these opportunities as ways to
reduce the amount of repetitive work
required to add or update support for
specific XML dialects. g4
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acnepcxm :: XMLl nporter inporter;

/1 Call the acmepcxmi::Initialize() function to register the
create functions

/1 for the acnmepcxml classes

acnepcexm ::Initialize();

try {
i mporter. | mportFronFil e(sl nput Fil eName, fPreprocess);

}
catch (eXactM.:: XException & e)
{
std::cerr << e.GetMsg() << std::endl;

std::cerr << "in " << e.GetSourceFile() << " at line nunber
"<
e. Get Sour ceLine() << std::endl;

return 1;

}

cout << "Read in XML file with no errors." << std::endl;

acnepc *acmepc = dynami c_cast <acnepcxni::acnepc *>
(inporter. Get XObj ect());

cout << "Successfully cast XML inporter root to
acnepcxml ::acnepc” << std::endl;

/1 validate the data in the classes, throws an exception if
bad.

try {

acmepc- >l sValid();

}

catch (eXactM.:: XException & e) {

cout << "Exception in validating XM." << std::endl;
cout << e.CetMsg() << std::endl;

eXact M.: : XMLI npor t er Base: : Del et el mpor t edXQbj ect (acmepc) ;
return 1;

}

cout << "Validated acmepcxni::acmepc object" << std::endl;

Il generate the XM

try {
acnepc->Em t XM_(cout) ;

}

catch (eXactM.:: XException e) {

cout << "Exception in generating XWM." << std::endl;
cout << e.CetMsg() << std::endl;

eXact M.: : XMLI npor t er Base: : Del et el mpor t edXCbj ect (acmepc) ;
return 1;

}

cout << "Enmitted XM. to file worked fine." << std::endl;
eXact M.: : XMLI npor t er Base: : Del et el npor t edXObj ect (acmepc) ;
return O;
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e live in the midst of a revolution. Computers have dra-
matically accelerated the ways we can manipulate the world and even
replicate ourselves. In just 25 years growing magnitudes of computational
power are making it possible to perform such human tasks as speech
recognition. But without progress on many fronts, what is a machine to do
with the translations of human desires? Fortunately, in this same time
frame, networking and the encapsulation of data representing all aspects
of our lives have reached global proportions. Computers that recognize
speech can respond. While XML is a key component in making this possi-
ble, as in VoiceXML, the role goes beyond simply using new markup tags to
identify data.

This article probes the technology and the capabilities of VoiceXML,
a new standard adopted in May 2000 by the W3C. The initial project
resulted from collaboration between IBM, Motorola, Lucent and AT&T, a
story unto itself. The current list of members covers a broad spectrum of
the computer industry. We will explore how VoiceXML goes beyond the
graphical user interfaces of HTML and provides a framework for the
most natural form of communication: spoken language.

VoiceXML can't stand alone. It’'s dependent on a broad set of tech-
nologies to make it useful. Let’s start by reviewing the bigger picture,
which we can follow with actual examples of VoiceXML.

Figure 1 is a schematic diagram of a complete system that enables a
user from anywhere in the world to use the telephone and voice dialogs to
interface with the growing body of data and transactions that are increas-
ingly embodied by the World Wide Web. At the heart of Figure 1 is a
VoiceXML interpreter, which operates on XML data loaded locally or from
somewhere on a network. A dialog can be initiated when the Telephone
Resource Manager receives an incoming call. The phone number dialed by
the user, and potentially the number the user is dialing from, can be used
to determine the first XML script to run. In many cases the first dialog may
be used to identify the user and gather password information.

Information can be presented to the user through several channels.
Currently, most telephones do not have a graphical display device and
VoiceXML was not written to address the newer wireless phones that are
growing in their ability to present graphical data. How VoiceXML might
be integrated with other technologies such asWML is best left as the sub-
ject of another article. We focus here on the main purpose of VoiceXML:
spoken language communication.

For arbitrary textual information VoiceXML can utilize Text-To-
Speech (TTS). Several companies have commercially available engines
that may be run as servers and be load balanced over an arbitrary num-
ber of phone lines. Every year the quality of these systems continues to
improve. While the mechanical-sounding speech generated by TTS sys-
tems can still be easily distinguished from “natural” or prerecorded
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speech, the intelligibility is very high. While not as pleasant as a human
voice, the words are nonetheless understandable.

In many situations the information to be presented to a user can be pre-
pared in advance. In these cases prerecorded speech may be used. In most
cases a simple file server and a digital-to-analog converter system can be
used to manage the prerecorded wave files. The advantage of this approach
is the ability to add all the nuances of the human voice that give radio and
entertainment voices their appeal. The disadvantage of prerecorded
speech is the large amount of storage required and the inability to present
arbitrary messages to the user. In addition, time delays may occur when
attempts are made to load large wave files over a heavily loaded network.

VoiceXML also provides the ability to record and play back audio
information whether from the current user or some other source, includ-
ing music or other audio artifacts. These features may be used to imple-
ment voice messaging, call screening and paging services.

Information from the user comes in two primary forms: text that’s
been translated from spoken utterances via the automatic speech recog-
nition server (ASR) or from decoded Touch-Tones (both Ford and Gener-
al Motors are starting to combine Global Positioning with ASR to provide
real-time driving directions). A number of companies currently offer
very high-quality speech recognition over the telephone (see sidebar on
telephone speech recognition).

Banking

=

Paging
Services

Other

Text To Speech Digital Audio Telephone
Speech Recognition 5'9"3! Record Resource
Processing Playback Manager

L Implementation Platform_

Telephone Network

FIGURE 1 VoiceXML implementation platform



Dialogs between the computer and the user occur through a series of
VoiceXML scripts that may be retrieved or dynamically generated from
anywhere on the Internet. Data from legacy systems can be reformatted
by a growing set of tools and won't be covered here. We'll focus on the
considerations that must be made in developing Voice User Interfaces
(VUI) when conducted over the telephone.

Creating Verbal Interfaces with VoiceXML

The modality of speech is substantially different from graphical
interfaces. Such techniques as pop-up menus, unrestricted input fields
and rapid presentation of information are not available. The old expres-
sion that a picture is worth a thousand words suggests that we need to be
careful how we reveal the picture. The design examples here are simple,
but give some idea of the ways in which VUIs need to be constrained.

A key value of VoiceXML, much like HTML, is the simplicity. It isn’'t a
full-fledged programming language, and to a large extent it would be
expected that, much like HTML, a new set of professionals will special-
ize in VoiceXML. Writing good VoiceXML dialogs requires a sense of what
makes human dialog work. Some of the more proficient writers of
VoiceXML dialogs that I've worked with have come from a background in
linguistics, audio engineering or the broadcast industry. While XML can
be a little alien for someone who has never programmed, the commands
are easily learned. The art of good dialog design is an open challenge, a
call to those with an understanding of verbal discourse.

We won't cover all the features of VoiceXML here. The full specification
can be downloaded at www.3c.voicexml.com/. There are two major con-
structs for building a dialog in VoiceXML: menus and forms. Menus are
more restricted and essentially a subset of forms. We will focus on forms
for our discussion. A form can contain various elements that we utilize to

The strides in Automatic Speech Recognition (ASR) over the past 10 years have
put into place the foundation that makes VoiceXML possible. The use of better
acoustic models, large amounts of training data, and statistical methods for automat-
ically extracting the critical information from the training data have allowed speech
recognition systems to work well in a number of situations. Commercial systems used
with VoiceXML come pretrained. They are speaker independent. This is a necessity for
use with short transactions from an arbitrary set of users over the telephone.

Another major breakthrough has been the widespread use of statistically based
search algorithms for finding word boundaries. Today’s systems work with continuous
speech and the user is not required to leave unnatural pauses between words or
phrases that older recognition systems required. Again, as we attempt to accommo-
date any user of the telephone, the system must be as natural to use as possible.

Finally, many of the same techniques used for recognizing speech have been suc-
cessfully applied to the problems of background noise. The telephone is a particular-
ly noisy device and today’s systems do surprisingly well even when cell phones are
used in a moving car.

During the last five years we have seen the proliferation of desktop dictation sys-
tems from IBM and Dragon Systems (the latter company is now part of Lernout &
Hauspie). While these systems have proved useful for many people under appropriate
situations, it has become clear that they are not yet a ubiquitous replacement for key-
board input. To some extent it can be argued that we're still trying to find applications
where speech recognition can be universally applied.

In recent years ASR has made large inroads into automated telephone systems.
One of the first, and highly successful, applications was the simple “Yes/No” system
developed by Bell Labs for automating the acceptance of collect telephone calls. Most
people aren’t aware that a computer runs the system, and it has saved the phone
companies hundreds of millions of dollars in reduced labor cost. Today literally thou-
sands of automated phone-tree systems exist, delivering everything from movie show
times to airline ticket purchases. Many of these systems have already incorporated
ASR. The current systems often lack good design. The public has come to expect a
low level of performance from these phone trees, which can often result in lost busi-
ness and revenue. These types of automated systems are bound to improve through
the technologies enabled by VoiceXML and the expanded access to information
offered by the Internet.

present prompts to the user, gather input and handle various error con-
ditions. Then, based on the user’s actions, elements of the form may be
used to determine which subdialog to execute next.

A form can contain several different elements that are executed in a
precise order. The details of this order are fully described by the Form
Interpretation Algorithm included in the VoiceXML 1.0 spec. Listing 1
shows the general flow.

We'll start with our main document, or dialog: top_menu.vxml. When
the telephone resource manager answers the incoming call, this is the
first script that will be executed by the VoiceXML processor. In the form
top_menu, the first element, block, is used to play a prompt. Blocks typ-
ically contain items that are executed one time, such as introductory
prompts and the initialization of variables.

The prompt tag we use here is embellished with another tag, audio,
to reference an external prerecorded message. The data format of the
audio recording and how it’s played out over the telephone is platform
dependent. During prototyping, or when the audio file doesn't exist, the
dialog designer may specify text that will be played using the TTS sys-
tem. As we have done here, placing the information inline helps to make
the script self-documenting.

The form top_menu consists of a single field that will process the
user’s menu selection item. While this example is simple, and could be
implemented using the menu tag, it demonstrates some of the logical
operators of VoiceXML and we’ll build on it in our next example. The
field contains an inline grammar. The recognition engine uses the gram-
mar to limit the acoustical search space. Simple grammar such as this
works well with today’s recognizers, which have been highly tuned for
use over the telephone and over a wide range of noisy environments.

After a successful recognition occurs, the filled element is executed.
The result of recognition is returned in the variable main_menu. Here we
use the result to select the next script to execute.

VoiceXML uses a simple event model that passes events to a catch
element. A catch element can contain executable code and can be
scoped at the document, dialog or form level. The catch closest to the
current scope receives the event to process. Using the throw element,
new events may be defined. VoiceXML contains shorthand for several
built-in events, “help,” “noinput,” “nomatch” and “error.” Events can be
used in a number of creative ways to enhance the user experience, which
we will demonstrate further in our next example. Here, we use help and
noinput to guide the user. The VoiceXML spec requires a built-in gram-
mar scoped at the document level that recognizes the commands help
and cancel. At any point a user may request help. The recognition plat-
form is also required to monitor the audio input channel, throwing an
event, noinput, when a predefined amount of time has elapsed without
detecting speech. This